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Abstract As data centers and telecommunications networks face unprecedented demands driven
by Al scale-out and cloud services, the industry is turning to Multicore Fiber (MCF) and Hollow Core
Fiber technologies to overcome the limitations of traditional single-mode fibers. At the 2026 Optical
Fiber Communication Conference and Exhibition (OFC 2026), these next-generation fibers took center
stage. This white paper explores the critical challenges and emerging solutions in splicing, connecting,
and testing MCF, highlighting key innovations showcased at OFC 2026, including automated testing
platforms that ensure the reliability of these complex optical interconnects.

1. Introduction: The Shift to Multicore Fiber

The relentless growth of artificial intelligence (Al) infrastructure and hyperscale data centers has created
an urgent need for higher density optical infrastructure. Traditional single-core fiber solutions are

rapidly approaching their physical and practical limitations [1]. To address this bottleneck, the industry is
embracing Multicore Fiber (MCF), a technology that integrates multiple independent optical cores within a
single fiber strand, thereby multiplying data capacity without increasing the physical footprint.

A significant milestone reflecting this shift was announced at OFC 2026: the formation of the “SDM4

MCF MSA" (Multi-Source Agreement) by industry leaders including America Fujikura Ltd. (AFL), Corning
Incorporated, Sumitomo Electric Industries, and TeraHop. This collaboration aims to define a standardized
four-core multicore fiber design optimized for Al data center campuses, establishing critical performance
and interoperability requirements for passive optical connections [1].

While MCF offers immense potential for Data Center Interconnects (DCI) and long-haul networks, its
adoption introduces significant complexities in manufacturing, deployment, and maintenance. Specifically,
splicing MCF, transitioning between MCF and standard Single-Mode Fiber (SMF), and comprehensively
testing these complex cables require specialized equipment and innovative methodologies.

2 MCF Ecosystem Readiness

There was a timely, relevant panel discussion on the overall readiness of the ecosystem for the adoption
of multicore fibers (MCFs). The discussion focused on application areas that are nearing deployment, the
maturity of MCF manufacturing processes and associated components, and the technical challenges
involved in integrating MCFs with existing legacy fiber infrastructure.

The session also addressed the business viability of MCF technology, the current status of global
standardization efforts, and key learnings fromm commercial pilots and largescale testbeds. Together,

these insights provided a comprehensive view of the progress and remaining challenges in transitioning
multicore fiber technology toward realworld deployment. Overall the panel concluded that the ecosystem
is ready for MCF implementations in subsea and data centres.

The panel was presided over by Andrea D'’Amico, NEC Laboratories America Inc. (United States); Gustavo
Ocampo, Hokkaido University (Japan); Deepa Venkitesh, IITM (India); and Masaki Wada, NTT (Japan). The
speakers were Vincent Ferretti, Corning (United States); Eduardo Mateo, NEC (Japan); Kazuhide Nakajima,
NTT (Japan); Pascal Pecci, Meta (France); Takashi Sasaki, Sumitomo Electric Industries, Ltd. (Japan); and Yu
Sun, Google (United States).

3. The Complexity of Splicing Multicore Fiber

Splicing MCF is fundamentally more complex than standard single-mode splicing. In traditional splicing,
the primary goal is aligning the center of the glass cladding and the single core. However, with MCF, precise
rotational (azimuthal) alignment is critical. Technicians must perfectly “clock” the fiber to ensure that each
individual core aligns precisely with its corresponding counterpart on the other fiber.



Because of this rotational requirement, standard fusion splicers are inadequate. The industry requires
Specialty Fusion Splicers equipped with rotational motors, advanced imaging software, and sophisticated
alignment algorithms.

At OFC 2026, equipment designed to handle these intricate requirements was prominently featured. For
instance, the cleaving process for MCF requires high precision, often utilizing tools like the Fujikura CT-110/
CTN5 LDF or CT-1M/CT6 LDF cleavers. For the actual fusion splicing, advanced systems such as the Fujikura
FSM-100P+ and FSM-100P are employed, providing the necessary rotational alignment and precise arc
control to achieve low-loss splices across all cores simultaneously [2].

4. Transitioning: MCF to Standard SMF Fanouts

Integrating MCF into existing optical networks requires a mechanism to transition signals from the multiple
cores of an MCF to individual standard single-mode fibers. These transition devices are cormmonly referred
to as Fan-In/Fan-Out (FIFO) devices. FIFOs must efficiently couple light with minimal insertion loss and

low crosstalk. Companies like Chiral Photonics showcased their advanced fanout technologies at the
exhibition, offering solutions ranging from 2-core up to 22-core fiber fanouts. These devices are essential for
addressing individual cores with high precision, enabling seamless connectivity between next-generation
MCF infrastructure and legacy singlecore transceiver equipment.

5. Testing Multicore Fiber: Challenges and Solutions

Testing MCF introduces a paradigm shift from traditional fiber testing. Beyond standard attenuation and
insertion loss, engineers must account for complex interactions between the cores.

5.1 Key Metrics for MCF Testing

The evaluation of MCF quality relies on several critical metrics, as outlined in Table 1.

Metric Why it matters for MCF

Inter-Core The most critical metric; determines if light from one core interferes
Crosstalk (ICXT) with adjacent cores, which can degrade signal integrity.

Skew Measures if light reaches the end of Core 1 at the exact same time
(Differential Delay) as Core 4. Vital for synchronized parallel data transmission.

Standard loss measurement, but it must be measured for every

Insertion Loss (IL ) . . .
(i) core simultaneously to ensure uniformity across the fiber.

Rotational Ensures the designated “North” core at one end matches the “North”
Alignment core at the other end, critical for connectorization and splicing.
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5.2 The Traditional Approach: Wavelength Sweep Method

Historically, MCF testing has relied on the Wavelength Sweep Method, primarily used to measure far-end
crosstalk (FEXT). This method involves using two separate pieces of equipment and often requires access to
both ends of the fiber:

1. Light Injection: A Tunable Laser Source (TLS) or a broad-spectrum source
injects light into one “disturber” core at one end of the fiber.

2. Wavelength Sweeping: The laser sweeps through a range of wavelengths.
This is necessary because crosstalk in weakly-coupled MCF can be highly
wavelengthdependent due to phase-matching conditions between cores.

3. Measurement: At the far end, an Optical Power Meter (OPM) or an Optical
Spectrum Analyzer (OSA) measures the amount of light that has leaked into the
adjacent “victim” cores.

4. Integration with OTDR: A standard Optical Time Domain Reflectometer
(OTDR) is then used separately to measure traditional metrics like attenuation
loss and return loss for each core individually.

5. Using traditional OTDR for Crosstalk Measurements: In addition to the
traditional wavelength sweep method, OTDR based crosstalk measurement
is another way that will be useful for field installations. IIT Madras as part of the
AOC testbed project, has demonstrated intercore crosstalk measurements on
Multicore fibers by both methods;

Transmitted Power Technique
e Optical Time Domain Reflectometry (OTDR) Method

e The lIT Madras team also showcased a crosstalk meter at the ITU booth,
which can be used in the transmitted power technique.

While effective, this traditional approach is time-consuming and labor-intensive, driving the need for the
integrated solutions showcased at OFC 2026.

5.3 Innovations in MCF Test Equipment

Testing MCF efficiently in manufacturing and field environments requires instruments capable of multi-
channel analysis. Several key innovations were highlighted at OFC 2026:

Native Multi-Core OTDR Testing: Anritsu showcased the MT9100A Multi Channel Fiber Tester, recognized
as the industry’s first multi-channel OTDR-based solution for evaluating MCF transmission quality [3].

The MT9100A can simultaneously test up to four cores, measuring transmission loss, return loss, and
critically, visualizing the spatial distribution of core-to-core crosstalk along the length of the fiber. This
singleend measurement capability significantly improves workability and reduces testing time compared
to traditional methods [3]. Other major test equipment manufacturers, including EXFO and Viavi, also
indicated ongoing development of products to support native MCF testing.

Automated Multi-Channel Photonics Testing: For high-speed testing of fiber interconnects, silicon
photonics, and data center components, automation is paramount. At the Luna Innovations booth, a
collaborative solution developed by Luna Innovations, ECSite, and DiCon Fiberoptics was demonstrated.
This turnkey platform integrated Luna's LWA 7600 Series Optical Frequency Domain Reflectometer
(OFDR), DiCon's MEMS optical switching, and ECSite's LuminECsa™ automation platform [4].

The demonstration featured testing a 7-core MCF (50m length) with a fanout from Chiral Photonics. By
combining Luna's high-resolution OFDR technology—capable of sub-micrometer resolution and zero
dead zones—with automated optical switching, the system can characterize insertion loss, return loss,
and latency across multiple channels in a single instrument cycle [4]. This automated approach delivers
significantly faster throughput and reduces production errors, providing comprehensive characterization
data essential for short fiber lengths (< 2km) and complex interfaces.



Direct Alignment and Automated Cable Testing Systems: Testing MCF fibers or cables fundamentally
requires coupling the test equipment’s launch optics or fiber pigtails to each individual core. While FIFOs
can be utilized for pigtailed test equipment, this approach requires splicing one end of the FIFO to the MCF
and the other to an optical switch connected to the instrument.

More efficient, direct-coupling methods have emerged to streamline this process. For instance, systems
like the PK 2300AG-M Fiber Analysis System utilize beam optics to isolate an overfilled launch to each
MCF core, a requirement for specific transmission measurements such as cut-off wavelength, spectral
attenuation, and mode field diameter.

For comprehensive automated testing, two PK 1050F Fiber Aligners can be deployed to automatically
and sequentially couple single-core instrument pigtails (from systems like the 8000 OTDR, 2880
Chromatic Dispersion System, or 2920 Polarization Mode Dispersion System) to each end of the MCF
cores [5]. This capability also enables the measurement of co-propagating MCF crosstalk. By combining
automated coupling with high-dynamic-range instrumentation, testing times are minimized, thereby
increasing production capacity and lowering test costs. Furthermore, while these setups are effective

for individual MCF testing, specialized variants of the aligner—such as the 1050S or 1050C—are often
considered more optimal for testing multifiber MCF ribbons and complex cable structures.

5.4 Global Research Initiatives

Beyond commercial equipment, global research institutions are developing clever methodologies for MCF
testing. For example, researchers from IIT Madras (India) demonstrated innovative ways to test MCF using
standard OTDR equipment as part of the AOC project [6]. Similarly, the LUMIRINng project in Portugal was
recognized at OFC 2026 as a global reference in multicore fiber technology and testbeds [7].

6. Conclusion

The transition toward Multicore Fiber represents a critical evolution in optical commmunications, promising
to alleviate the bandwidth bottlenecks of the Al and cloud era. However, realizing this potential requires
overcoming significant physical challenges in splicing, connectorization, and testing. The innovations
displayed at OFC 2026—from advanced rotational fusion splicers and precision FIFOs to multi-channel
OTDRs, automated direct-alignment systems, and high-resolution OFDR testing platforms—demonstrate
that the industry is rapidly developing the ecosystem necessary to support MCF deployment. As test
automation experts, Luna Innovations and its partners are at the forefront, providing the high-resolution,
automated testing solutions required to ensure the reliability and performance of next-generation optical
infrastructure.

7. About ECSite: Accelerating Next-Generation Fiber Testing

ECSite provides comprehensive test automation solutions for fiber optic cables across wireless networks,
Data Center networks, FTTx/OSP networks, and fiber manufacturing environments. The company delivers
test automation for fiber, cable, and connectivity applications with seamless integrations into MES, ERP,
and Project Management systems.

Founded in 2019 and headquartered in Silicon Valley, ECSite is a leading provider of Al-native lifecycle
automation for digital and Al infrastructure. Its cloud-native platform integrates testing, validation,
monitoring, workflow automation, analytics, and safety to streamline deployment and operations

across fiber networks, wireless systems, photonics environments, and hyperscale data centers. By
combining intelligent software with integrated instrumentation and automation, ECSite helps operators,
manufacturers, and enterprises accelerate deployment, improve testing accuracy, and reduce operational
complexity across next-generation infrastructure. ECSite is actively developing advanced testing solutions
for MCF and HCF fibers for clients around the world. To learn more, visit ECSite.ai.


https://ecsite.ai
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