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EBO: Expanded Beam Optics intro

expand the beam contract the beam

collimate across an air gap

* Developed in the 1970s for military use in harsh environments

* 1990s-2010s: evolved for heavy-duty industrial applications
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Modern EBO Technology for data-centers

9um diameter incoming .
fiber diameter Tofcal Interngl Reflection
\ mirrors collimate beam
ﬂ' -
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80um diameter
expanded beam

AR coating minimizes /K
loss and back-reflections '

Receiving ferrule / Fiber
focuses light into fiber

This is a specific example of a number of different styles available
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EBO advantages for modern data-centers |

* Reduces sensitivity to dust and debris

- Light Dust

Smoke (1-10um)
(<1um) . d

Single-Mode
Fiber (9um)

* Insertion Loss and Return Loss stability

* Eliminates burn out at high power levels
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EBO advantages for modern data-centers

* Light confined to the connector
* Increased eye safety
* Resistance to handling contamination

* Air gap gives non-contact durability
* Long-term stability
* ~20x reduction in mating force
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Hyperscaler View

Fouled connectors as high blast-radius failure mode

...need to eliminate this as a point of failure

409.6 Thps CPO switch
512 ports 800G DR4
512x 8-fiber physical contact connectors

512 x 8 = 4096 potential SPOFs at box level

A single fouled physical contact connector can cause the entire
switch to be RMA'd

* This is a common failure mode in data centers — transceivers or
fibers frequently swapped due to connector endface damage

Dirt / debris Qil / finger print| | Deep groove

Expanded beam connector technologies eliminate this failure mode
since they don’t make physical contact (and enable immunity to
dust, debris, and other contaminants)!
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Number of Fibers for 51.2T Ethernet Switch Card with 100G Lanes CPA Rework Rate Due to Connector IL
DR (PSM) | FR4 (CWDM)
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Data Center Maintenance

* ~80% of network issues are cleaning related

* ~95% of maintenance requests are for cleaning

EBO based systems have shown an ~85% reduction in Install and Clean time
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Reliable Ferrule Attachment

EBO 12f ferrule

Sensitivity of IL to Ferrule-to-ferrule x misalignment
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Mated EBO 12f connector

A Insertion Loss of 12-fiber Expanded Beam SM Connector - remates
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Mating Counts

1,000 remates (no cleaning)
showing <+/-0.1dB variation
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Insertion Loss

e Random mate test
« 552 connector pairs |
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Return Loss
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EBO MSA: Leadership Team

Created Mar 2026 to meet customer demand of interoperable EBO technology
connectors for supply chain stability with Specifications

* Chair
 Mark Filer, Oracle

e Co-Chairand Admin
* Richard Ward, 3M, Xscape Photonics

* Editors
* Tiger Ninomiya, Amphenol
* Adam Broughton, Sumitomo
* Max Omodaka, Senko
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Current membership (57): 9 “end-users”; 48 “vendors”
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Current range of connectors

* Members vote on specific connectors to develop and contribute
design specifications (18 types under discussion)

* Design Roadmap
* 128f (8x16f) Design Specification underway

* 16f MPO Design under discussion on Specification
* 16f VSFF Planned
* ELSFP Planned

— MNEBOI/IS/



Thank you

Membership information can be found at ebomsa.org

Questions can be addressed to Richard Ward / admin@ebomsa.org
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