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EXECUTIVE SUMMARY

As next-generation telecom switching and routing ASICs push beyond 800G per

package and thermal design power (TDP) exceeds 1,200W per device,

traditional air-cooling architectures have reached their physical limits.

Micro-channel cold plate liquid cooling has emerged as the definitive thermal

management solution for carrier-grade core routers, edge aggregation

platforms, and high-density optical transport chassis. However, the thermal

performance of a micro-channel cold plate is not determined by the cold plate

alone. The thermal interface material (TIM) that bonds the ASIC lid or bare die

to the cold plate surface is the single most critical factor governing

junction-to-coolant thermal resistance, long-term reliability, and field

serviceability.

This document provides an authoritative technical overview of TIM

compatibility requirements for micro-channel cold plate assemblies deployed

in telecom infrastructure. It defines the thermal, mechanical, chemical, and

environmental criteria that must be satisfied to achieve optimal heat transfer

across the full operational lifecycle of high-availability network equipment. It is

intended for thermal architects, hardware qualification engineers, and pre-sales



technical teams specifying liquid-cooled telecom platforms.

ARCHITECTURE & CHASSIS DESIGN

Micro-channel cold plates achieve superior heat transfer coefficients by forcing

coolant through channels with hydraulic diameters typically ranging from 200

micrometers to 1,000 micrometers. This geometry creates high

surface-area-to-volume ratios and turbulent flow regimes at relatively low flow

rates. However, the same micro-scale features that enhance thermal

performance also impose stringent demands on the TIM layer.

The TIM serves three simultaneous functions: (1) filling microscopic surface

asperities between the ASIC lid and cold plate base to minimize contact

resistance, (2) providing a compliant layer to absorb coefficient of thermal



expansion (CTE) mismatches during power cycling, and (3) acting as a barrier

against coolant ingress, particulate contamination, and galvanic corrosion at

the interface. In carrier-grade telecom equipment, the TIM must perform these

functions without degradation for a minimum of 15 years in uncontrolled field

environments ranging from -40C to +85C ambient.

Cold plate base materials in telecom hardware are predominantly oxygen-free

copper (C11000) or aluminum alloy 6063-T5, often with nickel plating to

prevent oxidation. The TIM selection must be chemically compatible with the

base metal, the coolant chemistry (typically propylene glycol-water mixtures or

dielectric fluids), and the lid finish of the ASIC package, which may be

nickel-plated copper, bare silicon, or ceramic.

HARDWARE FEATURES

Thermal Performance Requirements

The TIM must deliver a thermal resistance of less than 0.05 Ccm2/W at bond

line thicknesses (BLT) between 25 and 100 micrometers. For high-power ASICs

operating at 1,000W and above, the TIM contribution to total

junction-to-coolant resistance must not exceed 15 percent. This demands

materials with bulk thermal conductivity exceeding 5 W/mK, ideally in the



range of 8 to 12 W/mK for phase-change materials and 10 to 20 W/mK for

metallic solders and sintered interfaces.

Mechanical Compliance and Pump-Out Resistance

Telecom equipment experiences continuous power cycling driven by diurnal

traffic patterns and redundancy failover events. The TIM must resist pump-out,

a phenomenon where the material is progressively displaced from the interface

by shear forces generated by CTE mismatch. High-viscosity phase-change

materials and cross-linked polymer systems demonstrate superior pump-out

resistance compared to traditional thermal greases. For solder TIM and sintered

silver TIM, the bond is metallurgical and immune to pump-out but introduces

rigid mechanical coupling that must be managed at the package and board

level.

Chemical Compatibility and Coolant Resistance

In liquid-cooled telecom chassis, the TIM is exposed to coolant vapors,

humidity, and potential micro-leaks at the cold plate perimeter. The TIM must

not swell, dissolve, or outgas when exposed to propylene glycol, ethylene glycol,

or fluorinated dielectric coolants. Silicone-based TIMs require careful evaluation

because low-molecular-weight siloxanes can migrate and deposit on optical



interfaces, causing signal degradation in high-speed optical modules.

Long-Term Reliability and Qualification

The TIM must pass accelerated life testing including 1,000 hours at 125C, 500

thermal cycles from -40C to +125C, and 85C/85 percent relative humidity bias

testing without exceeding a 20 percent increase in thermal resistance. For

carrier-grade deployment, MTBF contribution from the TIM interface must be

less than 0.5 failures per million hours.

COMPLIANCE & STANDARDS

TIM compatibility for micro-channel cold plates in telecom infrastructure must

satisfy the following standards and specifications:

Telcordia GR-63-CORE: Network Equipment Building System (NEBS) physical

protection, including thermal robustness and fire resistance.

Telcordia GR-487-CORE: Outdoor electronic equipment cabinets, applicable to

edge-deployed liquid-cooled platforms.

IEC 62368-1: Audio/video, information and communication technology



equipment safety, including thermal and material flammability requirements.

JEDEC JESD51-14: Transient dual interface test method for thermal resistance

measurement of semiconductor packages with heat sinks.

ASTM D5470: Standard test method for thermal transmission properties of

thermally conductive electrical insulation materials.

RoHS 2011/65/EU and REACH: Restrictions on hazardous substances, critical for

TIM material selection and disposal.

IPC/JEDEC J-STD-020: Moisture sensitivity classification for non-hermetic solid

state surface mount devices, applicable to TIM application processes.

TECHNICAL SPECIFICATIONS

The following table summarizes the key TIM compatibility parameters for

micro-channel cold plate assemblies in telecom hardware.

Parameter Specification

Base Material Compatibility Oxygen-free copper C11000,

Aluminum 6063-T5, Nickel-plated



copper, Bare silicon, Ceramic (AlN,

Al2O3)

Coolant Compatibility Propylene glycol-water 30-50%,

Ethylene glycol-water 30-50%,

Fluorinated dielectric fluids (FC-72,

HFE-7100)

Thermal Conductivity Range 3.0 W/mK (gap filler) to 250 W/mK

(sintered silver)

Bond Line Thickness (BLT) 10 micrometers (sintered) to 2,000

micrometers (gap filler)

Thermal Resistance (junction-to-cold

plate)

Less than 0.05 Ccm2/W for

phase-change and solder TIM

Operating Temperature Range -40C to +125C continuous, +150C

short-term excursion

Pump-Out Resistance Greater than 1,000 thermal cycles

without greater than 20% thermal

resistance increase

CTE (Coefficient of Thermal Expansion) 50-200 ppm/C depending on TIM

chemistry; matched to package and

cold plate

Dielectric Strength Greater than 5 kV/mm for electrically

insulating TIM grades



Volume Resistivity Greater than 10^12 ohm-cm for

insulating TIM; less than 10^-4

ohm-cm for conductive TIM

Flammability Rating UL 94 V-0

Shelf Life 6-12 months at 25C in original sealed

packaging

MTBF Contribution Less than 0.5 failures per million hours

at 40C ambient

RoHS/REACH Compliance Fully compliant, no SVHC above 0.1%

by weight

ORDERING OPTIONS

TIM materials qualified for micro-channel cold plate integration are available in

the following configurations:

Phase-Change TIM, 0.125mm and 0.250mm thickness, die-cut to ASIC lid

dimensions, for automated pick-and-place assembly. Operating range -40C to

+125C, thermal conductivity 8.5 W/mK, BLT 25-50 micrometers.

Gap-Filler TIM, 0.5mm to 2.0mm thickness, dispensable or pre-cured pad form,



for cold plates with non-uniform standoff. Thermal conductivity 3.0-6.0 W/mK,

compression set less than 10 percent.

Sintered Silver TIM, screen-printable paste or preform foil, requiring

pressure-assisted sintering at 250-300C. Thermal conductivity 150-250 W/mK,

BLT 10-30 micrometers, for bare-die ASIC attachment in high-power core

routing line cards.

Indium Solder TIM, preform ribbon 0.025mm to 0.100mm, reflowed at

160-180C. Thermal conductivity 86 W/mK, BLT 15-40 micrometers, compatible

with nickel-plated copper cold plate surfaces.

Graphene-Enhanced Polymer TIM, 0.100mm to 0.300mm, thermal conductivity

12-15 W/mK, designed for pump-out resistance in high-vibration telecom rack

environments.

Each TIM option is supplied with a qualification report documenting thermal

resistance, modulus, CTE, and coolant compatibility test results specific to the

target cold plate material and coolant chemistry.




