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Project Overview:  
The development of industry cleanliness guidelines for the use of expanded beam 
connectors in data centers, could enable wider use of the technology and leverage 
significant cost savings. 

 

This project will  

1) Investigate the impact of contamination on optical performance (IL / RL) of 
single mode and multimode expanded beam connectors. 
 

2) Develop recommendations on cleaning methods for single mode and multi-
mode expanded beam connectors with different technologies based on 
experimental and modeling data.  

3) Estimate the potential cost savings due to the implementation of expanded 
beam connectors in the data centers. The cleaning and inspection costs for 
expanded beam connectors and other connectors technologies, such as PC 
connectors, in the data center environment will be compared. The opportunity 
for earlier installation of expanded beam connectors in data center construction 
will also be considered. 
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Motivation  
According to the Cisco’s forecast for digital transformation (2018-2023), the number 
of Internet users will reach 66% of global population in 2023, which is up from 51 % 
in 2018 [1].  The number of data centers around the world is rapidly growing. Optical 
fiber is replacing copper in the data centers because of higher bandwidth needs as it 
can be the more effective solution for port breakout server connectivity. One of the 
challenges of fiber optic connectors is their sensitivity to contamination and 
scratches. It is a common practice to inspect, clean and re-inspect fiber optic 
connector before mating with another connector. With increasing numbers of fiber 
optics connectors in the data centers, the operational cost for the connector cleaning 
and inspection can be substantial. High performance and low maintenance fiber optics 
connectors are required to reduce this cost. The development and implementation of 
new connector types with less sensitivity to contamination and scratches are 
required. Other applications, such as High Performance Computing (HPC) and 
defense have similar needs of the optical connectors.   

Expanded Beam optical connectors use various techniques to form light into either a 
collimated or focused beam. This eliminates the need for physical contact between 
mating fibers. Unlike existing lensed TOSA/ROSA (Transmission Optical Sub 
Assembly / Receiver Optical Sub Assembly) devices and traditional MT interconnects, 
some expanded beam products are z-axis insensitive and significantly less 
susceptible to the effects of contamination, promising cost savings for the Data 
Centers applications. 

With less sensitivity to contamination and scratches, the expanded beam connector 
end faces still require inspection and cleaning in order to prevent degradation of the 
optical link performance. To date, there is no standard defining cleaning methods for 
expanded beam connector, and the guidelines for expanded beam connector cleaning 
process have not been developed yet.  

Since 2002, iNEMI has completed substantial theoretical and experimental work on 
the development of inspection criteria for fiber optic single mode and multimode 
connectors. Multiple (15+) iNEMI papers have been published starting with Photonics 
North 2006.The iNEMI research was used as a background for the development 
several international standards including IPC-8497-12, IEC 613003-353 and technical 
report IEC 62627-05-TR4. In previous research the INEMI team primarily was focused 
on the impact of contamination and scratches on UPC connectors and fiber stubs. 

The implementation of industry standards for connector cleaning could save industry 
millions of dollars annually due to prevention of insufficient cleaning or a prevention 
of over cleaning. More than a decade ago, the iNEMI team developed the initial model 
for calculation of fiber optics connector cleaning and inspection cost at that time. 
Based on this model the telecom sector alone was spending an estimated USD 223 
million cleaning and inspecting connectors in 2004 [5]. 
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Project Purpose 
Demonstrate the benefits in terms of performance and cost of expanded beam 
connectors in data center applications by:  

• Investigating the impact of contamination on optical performance (IL and RL) 
of multi-mode and single mode expanded beam connector from various 
manufacturers, experimentally and theoretically.  

• Developing guidelines for the effective expanded beam connector cleaning 
methods based on experimental and modeling data. 

• Estimating potential cost savings due to the implementation of expanded beam 
connectors in the data centers compared to physical connectors. The cleaning 
and inspection costs for expanded beam connectors and PC connectors in the 
data center environment will be compared. The opportunity for earlier 
installation of expanded beam connectors in data center construction will also 
be considered.  

 

Project Scope  
The project will be focused on development of effective cleaning methods and 
guidelines for multi-mode and single mode expanded beam connectors for a number 
of applications including “non-clean” data center environment.  

The project will also estimate the potential operational cost savings due to 
implementation of the developed best practices and guidelines for the expanded 
beam connectors in data center environment.  

Single mode and multimode expanded beam connectors based on different 
technologies (DUTs) will be provided by the participating connector suppliers.  The 
project members will use and compare different cleaning methods (dry cleaning, wet 
cleaning, canister air blow cleaning, etc.) to clean the DUTs. Traditional PC type 
connectors as well as an emerging air gap connector technology, which is also 
targeting to reduce the cleaning and maintenance processes will also be compared. 

A detailed experimental procedure and a detailed data collection checklist developed 
in earlier iNEMI projects will be used and refined during the project with input from 
project participants. The basic experimental procedure is mature, and the team 
expects to replicate the successful collection process with improvements mainly in 
the tracking of data as it is collected. 

The initial characterization of the clean samples will include lens images, Insertion 
Loss (IL) and Return Loss (RL) data. Application of dust to the lens surfaces will be 
performed in controlled and repeatable manner in order to collect data. All samples 
will be characterized before and after contamination including lens images and IL and 
RL data. The project members will use different cleaning methods (dry cleaning, wet 
cleaning, canister air blow cleaning etc.) to remove the contamination from the lens 
surface. After each cleaning step the lens images, IL and RL data will be collected.   

The connector end face images and IL/RL data and the cleaning procedure will be 
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shared with the team members.  

The images will be collected and processed using an inspection scope. In the previous 
two phases, the FastMT (Model 200) scope was used since it provides a real-time, 
live image of 12 lenses and was able to generate the required bitmaps of the 
contamination. Other scopes may be used as long as they can output binary image 
of the estimated contamination, which is required to support the analytical calculation 
and optical simulation. 

The data collection (lens images and IL/RL) will be used for analytical calculation and 
optical simulation for each type of connector technology.  

During this test, connectors will be intentionally contaminated for the purpose of 
studying the effect of contamination on the IL/RL of the connections and development 
of effective cleaning solutions. It is not the intent of this study to compare the 
performance of parts from specific vendors. To ensure all raw data is kept confidential 
and no bias created, the data from all connector manufacturers will be kept 
anonymous by designating them as ‘A’, ‘B’, ‘C’ and ‘D’ etc. A single point of contact, 
chosen by the participating vendors, will have access to all the raw data and will 
assign the vendor codes before distributing the data to the project team.  
 
The project team is planning to provide regular updates to the members of IEC 
through SC86B: WG4 and WG6 and to the AS-3 Photonics Committee (part of SAE). 
The project findings can be used as guidelines for expanded beam connector cleaning 
methods. The experimental and modeling data can be used as a background 
information for the development of cleanliness specification requirements of 
multimode and single mode expanded beam connectors. 
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iNEMI IS/IS NOT Analysis 

This Project IS: This Project IS NOT: 

 

To focus on Data centers and the 
installation, operation and maintenance 
costs associated with implementation of 
expanded beam connectors, together with 
their performance criteria.  

To conduct full reliability testing 

To focus on development of best practices 
and guidelines for cleaning of expanded 
beam connectors in Data Center. 

To develop a specific standard(s) 

To focus on the contamination 
performance through comparison between 
expanded beam and air gap and physical 
contact connectors by measurement of 
Insertion Loss and Return Loss  

To repeat prior or existing work 

To investigate the effectiveness of 
cleaning processes on optical performance 
of contaminated single mode and multi-
mode expanded beam connectors.  
 

To be biased towards specific suppliers, 
geographies, or market segments 

 
Project Outcomes  

• Report on comparison between performance of cleaned and contaminated 
expanded beam connectors versus airgap connectors and traditional physical 
contact connectors. 

• Publish best practices and guidelines for expanded beam connector cleaning. 
• Develop cost model / comparison for expanded beam connectors vs. physical 

contact connector cleaning requirements in data center applications. 
• Provide recommendations to IEC Committee on expanded beam cleaning 

solutions based on experimental and modeling data and technology type. 
• Collaboration with IEC Committee on existing Receptacle and Lens documents. 

 

Business Impact 
• Reduction of operational and maintenance costs will encourage the use of 

expanded beam connectors in datacenter environment. 
• Due to less sensitivity to contamination, expanded beam connectors can be 

installed earlier in the data center construction and in harsher environments 
than physical connectors.  



 

NOTE: All changes to SOW must be approved by the Technical Committee for version control          
Page 6 of 11 

• Enable the transition of copper backplane to fiber optics, which increases 
performance and reduces weight & size. Enables lower cost fiber optic 
termination. No connector polishing or interferometry required. 

• Potential to increase adoption of expanded beam connectors in other market 
sectors. 

 

Project Plan 

Schedule and Milestones: 
This project is scheduled to take 12 months. 
.  

Task 
Q1 after 
official 
starting 

date 

Q2 
 

Q3 
 

Q4 
 

1. Development of the cost model: 
compare expanded beam connector 
cleaning cost with PC connector 
cleaning cost; estimate the data center 
operational cost savings in a case of the 
implementation of expanded beam 
connectors             

2. Finalize detailed experiment procedure 
and checklist 

            
3. Preparation of single mode and multi-

mode expanded beam, air gap and pc 
connectors and initial characterization 
(IL/RL)                          

4. Contamination experiment, cleaning 
procedure (IL/RL measurements and 
end face imaging), and data review             

5. Modeling and results comparison and 
report generation 

            
6. Socialize project results with standards 

bodies including IEC 
            

7. White Paper Development and 
Publication (Conference TBD) 

                       
8. End of Project Webinar 
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Detailed Information 
Description of Tasks and Resources needed. 

Task 1 - Cost model development 
Estimate the potential operational and maintenance cost savings in the data center 
due to the implementation of expanded beam connector and their effective cleaning 
methodology by the data centers. The team will compare the cleaning & inspection 
cost of expanded beam connectors and of PC connectors in data center environment. 

Task 2 - Develop experimental procedure 
Refine and agree on the detailed experimental procedure and checklist based on the 
document used for the iNEMI project experimentation at US Conec in February 2018. 

Task 3 - Preparation of samples 
Preparation of single mode and multi-mode expanded beam, air gap and PC 
connectors and initial characterization (IL/RL). Connector manufacturers will collect 
samples and measure initial IL/RL data and any other data such as end face 
inspection images. To allow for assessment of repeatability across samples, the goal 
is to test at least eight and as many as 16 samples from each supplier. Samples 
should have at least twelve lenses per connector. 

Task 4 - Conduct contamination and cleanliness experiment(s) 
One or more experiments to be conducted to measure IL/RL and end face images for 
samples from all participating suppliers in accordance with the detailed experimental 
procedure. 

In short, all the samples will be measured and imaged prior to contamination to 
determine the baseline or reference loss for each of the DUT samples. Then the 
samples will be contaminated and the IL/RL and images measured.  

The samples’ level of contamination will then be modified by cleaning and re-
contaminating, partial cleaning to reduce contamination, or by adding contamination.  

Different cleaning methods will be used, and the effectiveness of different cleaning 
methods will be compared (dry cleaning, wet cleaning, canister air blow, etc.). The 
IL/RL and end face images at each distinct contamination level will be measured, 
thereby increasing the number of data points in the contamination-loss space. 

At the conclusion of each experiment, the data will be reviewed to verify its quality 
and completeness per the detailed experiment checklist. Experimental measurement 
and image data will need to be stored. 

Task 5 - Modeling and results comparison and report generation 
Update the optical simulation and analytical calculations from the iNEMI project 
“Development of Cleanliness Specification for Expanded Beam Connectors” Phase 2, 
to account for differences between multimode and single mode fibers. 

Investigate the correlation between experimental and modeling data for the data 
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from each type of DUT. 

Produce a report on the experiment and results. 

Task 6 - Socialize with standards bodies 
Develop the best practices and guidelines proposal for expanded beam connector 
cleaning methods, based on experimental and modeling results, if available.  

Present experimental results and the guidelines for optical expanded beam connector 
cleaning methods to relevant IEC working groups, with the members of IEC, 
specifically SC86 (WG4 & WG6), and any other interested standards bodies.  

Task 7 - White Paper Development 
Presentation at a conference to be determined or if results are appropriate, publish a 
white paper. 

Previous Related Work 
This project is a continuation of  earlier iNEMI project work entitled the “Development 
of Cleanliness Specification for Expanded Beam Connectors”, Phases 1 and 2. The 
results of Phase 1 of the project were published at the IEEE Optical Interconnects 
Conference (OI) 20166 and the IWCS 2016 conference7. 

During the second phase the project team investigated the impact of contamination 
on optical performance (transmitted power) of expanded beam optical connectors on 
the US Conec MXC® connector with PRIZM® MT ferrule. FastMT visual inspection 
equipment was used to collect images at various points in the data collection process, 
along with Insertion Loss (IL) data before and after contamination. In addition to 
experimental data collection, two theoretical approaches were developed to predict 
the impact of contamination on optical performance of expanded beam connectors: 
analytical approach and optical simulation (ray tracing). A simple analytical 
calculation was used to estimate the dust loss of an expanded beam connector. An 
analytical method of calculating loss under contaminated conditions was shown to be 
nearly identical to an optical simulation. The analytical and simulation data were 
strongly correlated with the experimental data. 

The analytical calculation requires a knowledge of the intensity distribution and a 
measurement of the dust distribution at the surface of the lens. In the cases studied 
under this project, a quadratic intensity function provides acceptable results. For this 
function, only a single parameter is needed: the diameter of the intensity distribution 
at the contaminated surface. This calculation can be easily incorporated into existing 
connector inspection equipment, which can use this information to generate both a 
pass/fail message and an estimated loss. The project team proposed a method in 
which an imaging system is used to determine the distribution of dust. This data, 
combined with the measured or simulated diameter of the intensity distribution at 
the lens surface, is used to calculate the loss. This estimate of the additional loss due 
to contamination can be used to decide whether or not a lens needs to be cleaned 
based on the design loss budget for the connection. 

The results of the Phase 2 of the project were discussed at the iNEMI face to-face 
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meeting (March 12, San Diego, CA, 2018). The final project (Phase 2) results were 
shared with the members of IEC 82nd General Meeting, SC86B, WG6 (Oct 16-Oct 18, 
2018, Busan, Republic of Korea) and with the Industry during final project webinar 
(June 2018). The project results were published at the IWCS 2018 conference8. 

It is known that a contaminated connector end face may impact the connector optical 
performance resulting in functional and even catastrophic failures of the optical link 
[3]. It is good practice to inspect, clean and re-inspect before mating with another 
connector. There are different cleaning methods available for the cleaning of physical 
contact connectors (PC and APC): dry cleaning, wet cleaning, gas and vacuum 
cleaning, air duster, etc.  The typical cleaning tools, machines and cleaning methods 
for physical contact connectors are described in IPC 8497-13 and IEC TR 62627-019. 
The technical report IEC TR 62572-410 provides the guidelines for optical connector 
end face cleaning methods for receptacle style of optical transceivers.  However, the 
effectiveness of different cleaning methods for expanded beam connectors have not 
been investigated yet. Currently there are no guidelines for expanded beam 
connector cleaning methods. This project will investigate the impact of contamination 
on the optical performance of expanded beam connectors and to develop the effective 
cleaning methods for both single mode and multi-mode expanded beam connectors.  

 
Participants in development of SOW 
Senko Advanced Components, Fujikura and Microsoft 

 
Potential Project Participants 

• iNEMI member companies involved in Data center development, 
optoelectronics and optical fiber connectors  

• Data centers operators  
• Expanded beam connector manufacturers 
• Suppliers of expanded beam connectors cleaning materials  
• Optical inspection and measurement companies 
• Industry as a whole 

 

Risk 
The project will require expanded beam connectors samples for the measurements 
and contamination studies (Tasks 3 & 4). It will be important to have them and the 
testing and modelling capabilities available to complete the project.  

 

Project Communication 
• iNEMI Project Manager will be assigned to project team to facilitate the 

communications, meetings and project plan  
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• Participants will commit to attend regular iNEMI project calls to discuss/review 
progress. 

• Test results will be presented and reviewed at these Team meetings and others 
arranged as needed. 

• Status reports will be made to the iNEMI Technical Committee and TIG on a 
periodic basis.  

• Team will decide by majority vote to approve any external publications. 
• Team will decide on any changes to the plan with the approval of the majority 

of the team, iNEMI VP of Operations and the iNEMI Technical Committee. 

 

General and Administrative  
Due to the strategic benefit of having many suppliers involved and the short timeline 
for this project, this project has been designated a Fast Turnaround project, which 
will enable non-iNEMI members to join just this one iNEMI project for a nominal fee.  
This should enable engagement from a wide group of leading connector suppliers and 
others.  Details of the MOU that needs to be signed with iNEMI and the Fast 
Turnaround project fee can be obtained from the Steve Payne 
(Steve.Payne@inemi.org) 
 

Guidelines for this project and all other iNEMI Projects are documented at 
http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 
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