Systems Engineering Technical Reference Manual: Liquid-Cooled Switch and
Optical Transceiver Thermal Dissipation Manual

PRODUCT IDENTIFICATION

The Liquid-Cooled Switch and Optical Transceiver Thermal Dissipation Manual
constitutes the definitive systems engineering reference for the design,
deployment, and maintenance of direct-to-chip liquid cooling architectures
within high-density telecom switching environments. This manual addresses
the thermal challenges inherent to 400G/800G optical transceivers and
high-capacity switch ASICs, providing carrier-grade guidance for closed-loop
coolant distribution, cold plate integration, and transceiver cage thermal
management. The document is intended for network architects, thermal
engineers, and field operations personnel responsible for next-generation

central office and edge data center infrastructure.



SYSTEM HARDWARE TOPOLOGY

The thermal dissipation architecture comprises three primary subsystems: the
primary coolant distribution unit (CDU), the secondary manifold network, and
the integrated cold plate assemblies. The CDU maintains supply coolant
temperature between 20°C and 45°C with a flow rate of 1.5 to 3.0 liters per
minute per kilowatt of dissipated heat. The secondary manifold network utilizes
stainless steel 316L piping with EPDM seals, supporting up to 16 switch line
cards per manifold branch. Cold plate assemblies are micro-channel copper
constructions with nickel plating, directly mounted to switch ASICs, FPGA
devices, and optical transceiver cages. The transceiver thermal interface utilizes
a spring-loaded cold plate design accommodating QSFP-DD, OSFP, and

CFP2-DCO form factors with a thermal resistance of less than 0.15°C per watt.



DATA & CONTROL PLANE CAPABILITIES

The thermal management control plane operates as an independent embedded
subsystem with dual-redundant management controllers. Each controller
monitors coolant flow rate, inlet/outlet temperature differential, pressure drop,
and leak detection via capacitive sensors. The control plane supports SNMPv3,
NETCONF, and RESTCONF interfaces for integration with the network
operations center. Threshold-based alarm generation includes warning at 55°C
transceiver case temperature, major alarm at 65°C, and critical shutdown at 75°
C. The data plane remains fully non-blocking during thermal events, with
automatic fan-assist activation for transceivers operating above 50° C case

temperature.

COMPONENT BREAKDOWN

Primary system components include the Coolant Distribution Unit (CDU-4000)
with dual 2.2kW pumps in N+1 configuration, the Manifold Distribution
Assembly (MDA-16) supporting 16 branch circuits, and the Integrated Cold
Plate Kit (ICP-800) compatible with 1RU and 2RU switch chassis. Optical
transceiver thermal dissipation is managed via the Transceiver Thermal Bridge
(TTB-400) which provides direct conduction paths from cage to cold plate. All

wetted materials are compliant with IEC 62321 and RoHS Directive 2011/65/EU.



Coolant specification requires propylene glycol solution at 25% concentration
by volume with inhibitor package suitable for copper and stainless steel

interfaces.

OPERATIONAL SPECS MATRIX

System operating parameters are established within the following engineering
limits. Supply coolant temperature range: 20 ° C to 45 ° C. Return coolant
temperature maximum: 65°C. Operating pressure: 2.0 to 4.5 bar. Pressure drop
across full manifold: less than 1.2 bar at nominal flow. Coolant flow rate per kW:
1.5 LPM minimum, 3.0 LPM recommended. Leak detection sensitivity: 0.5 mL
per minute. Transceiver thermal resistance: 0.12°C/W for QSFP-DD, 0.15°C/W
for OSFP. Switch ASIC cold plate thermal resistance: 0.08°C/W. MTBF for CDU:

100,000 hours. MTBF for cold plate assembly: 500,000 hours.

Parameter Specification

Form Factor 1RU / 2RU Switch Chassis Compatible

Switching Capacity 12.8 Tbps per chassis (non-blocking)

Power Supply 1+1 Redundant AC/DC, 200-240VAC
or -48VDC

Coolant Supply Temperature 20°C to 45°C

Coolant Flow Rate 1.5 to 3.0 LPM per kW dissipated




Transceiver Thermal Resistance

0.12 ° C/W (QSFP-DD), 0.15 ° C/W

(OSFP)

ASIC Cold Plate Thermal Resistance

0.08°C/W

Leak Detection Sensitivity

0.5 mL per minute

Operating Pressure

2.0 to 4.5 bar

MTBF (CDU)

100,000 hours

MTBF (Cold Plate Assembly)

500,000 hours

Management Interfaces

SNMPv3, NETCONF, RESTCONF

Compliance

IEC 62368-1, GR-63-CORE,

GR-1089-CORE

REGULATORY COMPLIANCE

The Liquid-Cooled Switch and Optical Transceiver Thermal Dissipation Manual

adheres to the following standards and certifications: IEC 60950-1 for

information technology equipment safety, IEC 62368-1 for audio/video and IT

equipment, Telcordia GR-63-CORE for network equipment building systems,

Telcordia GR-1089-CORE for electromagnetic compatibility and electrical safety,

ETSI EN 300 019 for environmental conditions, and IEC 60529 for ingress

protection rating IP54 on all electrical enclosures. Coolant handling procedures

comply with OSHA 29 CFR 1910.1200 hazard communication requirements. All




optical transceiver interfaces conform to OIF Implementation Agreements for

400ZR and 800ZR coherent optics.




