
Systems Engineering Technical Reference Manual: Dispersion Compensation in

Long-Haul Networks

SYSTEMS ENGINEERING TECHNICAL REFERENCE MANUAL: DISPERSION

COMPENSATION IN LONG-HAUL NETWORKS

PRODUCT IDENTIFICATION

This document serves as the definitive Systems Engineering Technical Reference

Manual for the next-generation dispersion compensation platform, specifically

architected for long-haul and ultra-long-haul optical transmission systems. The

product family comprises a comprehensive suite of passive and electronically

controlled dispersion compensation modules (DCMs) and dispersion

management units (DMUs). These systems are engineered to mitigate the

deleterious effects of chromatic dispersion (CD) and polarization mode

dispersion (PMD) in high-bit-rate dense wavelength division multiplexing

(DWDM) networks, thereby ensuring signal integrity and extending the

unregenerated reach of optical carriers.

The core hardware is identified by the model designation ODC-9000 series,

available in both fixed and modular chassis variants to address diverse network

topologies, from terrestrial backbone links to submarine cable landing stations.

This manual provides a granular technical overview of the hardware



architecture, control plane integration, and operational specifications critical for

system integrators and network planning engineers.

SYSTEM HARDWARE TOPOLOGY

The ODC-9000 series employs a sophisticated, modular hardware topology

optimized for high-density deployment and minimal insertion loss. The chassis

design is segmented into three primary functional domains: the Optical Layer,

the Management Plane, and the Power & Environmental Subsystem.

At the optical layer, the system supports a wide array of dispersion

compensation fiber (DCF) spools and tunable dispersion compensation

gratings (TDCMs). The passive DCF modules are meticulously characterized to

provide negative dispersion slopes that mirror the positive dispersion of



standard single-mode fiber (SSMF) at 1550 nm. The tunable grating-based

modules utilize proprietary piezo-electric and thermo-optic tuning

mechanisms, allowing for dynamic compensation of residual dispersion in

reconfigurable optical add-drop multiplexer (ROADM) networks. The optical

backplane is a key architectural feature, implementing a low-loss,

polarization-maintaining fiber routing scheme that ensures consistent group

delay across all wavelength channels. The platform integrates seamlessly with

100GHz and 50GHz channel spacing grids, supporting up to 96 channels on the

C-band and L-band.

The modular chassis (ODC-9300) occupies a 5RU form factor and

accommodates up to 10 pluggable compensation cards, each hosting a pair of

independent compensation engines for 1+1 optical line protection. The fixed

chassis (ODC-9100) is a compact 1RU device intended for edge-of-network

applications where space is at a premium. A dedicated management module

resides in a dedicated slot, providing out-of-band network connectivity via

1GbE and 10GbE SFP+ interfaces for remote telemetry and configuration.

DATA & CONTROL PLANE CAPABILITIES

The control plane architecture is built upon a distributed intelligence model,

where each compensation card is equipped with an onboard microcontroller



and an optical performance monitor (OPM). The OPM continuously assesses

the optical signal-to-noise ratio (OSNR) and residual dispersion of the incoming

signal using integrated tap couplers and InGaAs photodetectors. The collected

data is aggregated by the central chassis controller, which executes an

advanced feedback control algorithm to adjust the TDCMs or select appropriate

DCF lengths, effectively closing the loop on dispersion management.

System interoperability is ensured through standardized management

interfaces. Full support is provided for TL1 (Transaction Language 1),

NETCONF/YANG data models, and SNMP v3, enabling seamless integration

into existing network management systems (NMS) and software-defined

networking (SDN) controllers. The platform boasts a rapid fault recovery

mechanism; in the event of a loss of signal (LOS) or a controller failure, the

modules default to a passive, last-known-good state to maintain service

continuity. Embedded logic supports hitless adjustment of the compensation

value, ensuring that reconfiguration does not introduce bit errors. The data

plane remains protocol agnostic, transparently passing 10G, 40G, 100G, and

emerging 400G coherent optical signals with zero latency impact from the

physical layer hardware.

COMPONENT BREAKDOWN



The hardware bill of materials is engineered for longevity and performance

stability.

1. **Optical Sub-Assembly (OSA):** Houses the DCF spools or the planar

lightwave circuit (PLC) for TDCM. The OSA is hermetically sealed in an Invar

alloy housing to minimize thermal expansion effects on the optical path.

2. **Management Interface Card (MIC):** Provides system intelligence,

processing power, and network connectivity. Features a Freescale QorIQ

processor and 2GB of DDR3 RAM for complex algorithmic computation.

3. **Power Supply Units (PSUs):** Dual redundant, hot-swappable PSUs

available in AC (110-240V) and DC (-48V) variants. Each PSU delivers 250W of

power with an efficiency rating exceeding 90%.

4. **Cooling System:** Variable speed, N+1 redundant fan trays configured in

a push-pull air-flow architecture. The airflow direction is field-reversible to

accommodate various data center hot/cold aisle containment strategies.

5. **Backplane:** A multi-layer PCB with gold-plated edge connectors

designed for impedance matching and minimal crosstalk at frequencies up to

40 GHz.

OPERATIONAL SPECS MATRIX

The platform is classified as carrier-grade, compliant with Telcordia



GR-63-CORE and GR-3028-CORE standards for physical protection and

reliability. It operates over a standard temperature range of -5°C to 55°C for the

9300 chassis and an extended range of -40°C to 65°C for the ruggedized 9100-E

variant. Humidity tolerance is rated at 5% to 85% non-condensing. Storage

conditions are broad, from -40 ° C to 85 ° C, allowing for deployment in

uncontrolled warehouse environments. The chassis utilizes a central timing

distribution system with ± 1ppm accuracy to align internal sampling clocks

without jitter accumulation.

Parameter Specification

Form Factor 5RU Modular Chassis (ODC-9300) /

1RU Fixed (ODC-9100)

Compensation Range (DCF) Up to 1200 km SSMF (80 ps/nm per

km)

Compensation Range (TDCM) +/- 1200 ps/nm (Tunable via OPM

feedback)

Switching Capacity Up to 2.4 Tbps (Manageable Optical

Throughput)

Optical Connector Type LC/UPC (Standard), SC/APC (Optional)

Power Supply 1+1 Redundant AC (110-240V) / DC

(-48V)

Power Consumption 150W (Typical) / 250W (Max)



Management Ports 1x 10/100/1000Base-T (RJ45), 2x SFP+

(1GbE/10GbE)

Operating Temperature -5°C to 55°C (Standard) / -40°C to 65°

C (Extended)

REGULATORY COMPLIANCE

The ODC-9000 series has successfully completed a rigorous suite of

international regulatory certifications to ensure global market access and

network operator acceptance. The optical safety of the modules is certified

under IEC 60825-1 and 60825-2 as Class 1 laser products. Electromagnetic

compatibility (EMC) has been verified to meet the stringent limits of FCC Part 15

Subpart B Class A and the European EN 55032/55024 standards. The system

carries the CE mark, the UKCA mark, and is RoHS 3 (2015/863/EU) compliant,

ensuring the restriction of hazardous substances. For the telecommunications

sector specifically, the platform meets the NEBS Level 3 certification

(GR-63-CORE and GR-1089-CORE) criteria for environmental, safety, and EMC

robustness, making it suitable for deployment in central offices.




