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Significance of Thermal Management of Electronics 
and Data Centers
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How is this relevant to thermal management of electronics and data centers?



First Law of Thermodynamics:
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Electronics generate heat as they operate, due to high power density.



Lack of efficient heat dissipation can cause:

• Reduced performance

• Increased operating costs

• Component failures

• Safety Hazards
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UTD has a data center, and 

so does Instagram (Meta)!
Your car has automotive 

electronics and battery.

The alarm clock 

has a circuit 

board and LEDs

Your phone has 

a processor and 

a bunch of other 

electronic 

components



What is a thermal management system?

‘Thermal Management’?
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Heat Dissipation

…but that’s not all!
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List of operating temperature ranges for various 
electronic components:

Component Operating Temperature Range Reference

Diodes -65°C to +175°C Vishay General Semiconductor datasheet

Resistors -55°C to +155°C Yageo datasheet

Capacitors -55°C to +125°C KEMET datasheet

Transistors -55°C to +150°C ON Semiconductor datasheet

Integrated Circuits -40°C to +85°C Texas Instruments datasheet

LEDs -40°C to +100°C OSRAM datasheet

Crystals -20°C to +70°C TXC Corporation datasheet

Switches -20°C to +70°C Omron Electronic Components datasheet

Relays -40°C to +85°C
TE Connectivity datasheet (for general 

relays)

8



List of maximum air temperature ranges for various 
electronic devices in a data center:
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Heat Flux = The flow rate of heat per unit area



Thermal Management of Electronics
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General Heat Exchanger working principle

Heat Sink with TIM and Heat Spreader for 

heat exchange in electronics



Types of Heat Sinks
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Passive Heat Sink Active Heat Sinks

Free convection through fins Forced convection or liquid cooling



How is this relevant to my 
functional materials class?
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Most common materials used for heat exchangers:

• Aluminum

• Copper



Thermal Management of Data Centers
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What is a Data Center?

A data center is a facility of one or more 

buildings that house a centralized 

computing infrastructure, typically 

servers, storage, and networking 

equipment in a confined space.
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• Room Temperature

• Relative Humidity
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ASHRAE – The American Society of Heating, Refrigerating and Air-Conditioning Engineers



Cooling Process for Data Centers

• Server Cooling

• Space Cooling

• Heat Rejection

• Fluid Conditioning

• Raised Floor

• Hot Aisle Enclosure

 (Ceiling)

• Economizer
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Advanced Cooling Technologies

For space constrained devices, high heat flux applications, rugged environments, and 
situations where heat needs to be moved long distances.

• Heat Pipes: Heat source to remote fin array.
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• Vapor Chambers: Spread heat across the base of a local fin array.

• Thermosiphons: Carry more heat than heat pipes over longer distance.
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Thank You
Any Questions?
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