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Background

In high-performance electronic components and data center servers,
efficient heat dissipation is critical to maintaining operational
stability and maximizing energy efficiency. A major bottleneck in the
thermal management chain is the thermal contact resistance
between heat-generating components (such as CPUs or GPUs) and
heat sinks. Thermal Interface Materials (TIMs) play a vital role in
bridging these interfaces to minimize thermal resistance. To
systematically evaluate TIM performance and track technological
advances, understanding both the current state of technology and
emerging development trends is essential for future data center
cooling strategies.

Scope of the thesis

This thesis focuses on analyzing the current landscape, technological
evolution, and commercial development of Thermal Interface
Materials (TIMs). The work combines a comprehensive literature
review with a structured patent analysis to identify state-of-the-art
materials, emerging performance trends, and key technological shifts
in high-performance electronics cooling.

Key objectives and tasks:

▪ Literature & State-of-the-Art Review: Conduct a systematic
analysis of existing TIM technologies (e.g., thermal pastes, phase
change materials, liquid metals, nanocomposites) and their
performance parameters.

▪ Patent Landscape Analysis: Execute a comprehensive patent
search and mapping process to analyze research dynamics, key
players, technological trajectories, and emerging patent trends in
TIM design and manufacturing.

▪ Material & Application Categorization: Classify TIMs according to
their thermo-physical properties, degradation mechanisms, and
suitability across different cooling strategies (e.g., direct-to-chip
liquid cooling, air cooling, immersion cooling).

▪ Future Trend & Gap Analysis: Synthesize findings from scientific
literature and patent activity to identify technological bottlenecks,
future market directions, and high-potential research areas for
server thermal management.
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