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high-performance designs. System fans 
and active heatsink fans with enhanced 
airflow and pressure drop characteristics 
are needed. In addition, fans need to be 
designed to reduce acoustic emissions or 
provide acoustic suppression to absorb 
the fan and flow noise. Research is also 
needed to develop models and correla-
tions to predict heat transfer in transition 
and perturbed low Reynolds number flow 
over packages and in heatsink passages.

Facility-level thermal management is 
practiced today by routing cold building 
air to racks of servers or rows of cubicles. 
This is a challenging situation, and in some 
large server farms, the cost of cooling the 
building is higher than the cost of all of the 
electronic equipment. It is easy to see that 
this is an unpopular position and is driving 
many facility engineers to consider liquid 
cooling systems that bypass the facility and 
reject heat into a separate system.

In this area, the development of new 
thermal components, including low-cost, 

compact cold plates, pumps, and heat 
exchangers is the primary goal. In addi-
tion, a framework is needed within which 
building designers, systems integrators 
and OEMs can work together to optimize 
the thermal solution for an entire instal-
lation. Other liquid cooling technologies 
that can have an impact on facility-level 
thermal management are direct immer-
sion cooling of CPUs and refrigeration 
cooling. For both of these, the major 
requirement is to develop a technology 
that is low-cost, reliable and occupies a 
minimum volume within the system.

Research Needs
The continued development of new and 
improved thermal management technol-
ogy will require the combined efforts 
of industry-based development and uni-
versity-based research with a focus on 
practical application. Extensive heat trans-
fer, thermo-fluid and thermo-mechanical

Continued on page 47

Table 2. Thermal improvements needed by product sector.

• Improved thermal interfaces
• Improved thermal spreaders
• High performance air cooling solutions
• Advanced modeling tools

• No significant improvements needed as long as battery power remains constrained

• Thermal integration with EMC shielding
• Low cost, compact and reliable water cooling 
• Low cost, compact, reliable and efficient refrigeration
• High heat flux, efficient thermoelectric cooler

• Mechanically robust packages that minimize the thermal resistance path to air
• Thermal integration with EMC shielding
• Low cost, compact and reliable water cooling 
• Low cost, compact, reliable and efficient refrigeration
• Low cost, compact, and reliable dielectric liquid cooling
• High heat flux, efficient thermoelectric cooler
• Abatement of heat load impact on installation

• Low cost, reliable heat pipe technology for automotive environment
• Passive electrical components/system level packaging materials capable of 
   operating at 150˚C
• Low cost liquid or refrigerant cooling systems utilizing automotive cooling components
• Low cost, self-contained, phase change materials to handle transient thermal events
• Analog and digital ICs capable of operating w/ TJ = 175˚C
• Power transistor capable of operating w/ TJ = 200˚C 

• Analog and digital ICs capable of operating w/ TJ = 170˚C
• Power transistor capable of operating w/ TJ = 200˚C 
• Capillary-pumped loops with very flat, multiple-parallel-path
• Evaporators
• PCBs with high-efficiency, copper, power and signal plane layers
• Light-weight, high latent heat of fusion, PCMs with capability to vary the melting point
• Direct immersion cooling of RF MMIC chips using sub-cooled flow boiling
• Improved fan performance making the air-cooling of military electronics 
  more feasible

• Low cost, compact and reliable water cooling 
• High heat flux, efficient thermoelectric cooler
• Low cost, compact, and reliable dielectric liquid cooling

• Development of LED packaging with low thermal resistance
• Low cost, compact, and reliable dielectric liquid cooling

Common 
Needs
 

Portable

Office Systems
• Desktop
• Server 
• Notebook

Netcom

Automotive

Military
Defense

Medical

LEDs
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