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Agenda

▪ Overview of the Evolution of Electronic Packaging 

▪ Advanced Packaging & Associated Thermal Challenges

▪ Addressing Thermals at the Silicon, Package and System-level

▪ Call to Action
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The Diversity of Connected Devices 

Industrial
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• Broad Spectrum of Devices, Packages & Form Factors
• Power consumption from a few watts to several hundred watts
• Cooling solution and system boundary conditions are quite different and diverse
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Packaging Technology Driven by Si Scaling, IO density and 
Heterogeneous Integration
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Power – 1.7 pJ/bit

Bump pitch – 55-36 um

Bump density - 330-772/mm2 

Power – 0.50  pJ/bit

Bump pitch – 50-25 um

Bump density – 400-1600/mm2
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Bump density - > 10,000/mm2

Power - < 0.05 pJ/bit
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Packaging Technology Roadmap
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Increased Interest in Heterogeneous Integration: Power, IO, 
Resiliency and TTM

Need for High BW 
Memory with a low 

power Interface

Integration of Diverse IP 
Optimized on different 

processes

Yield Resiliency and Time to 
Market are other Factors that 

make HI Attractive 
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Heterogenous Packaging: Thermal Challenges

• Increasing power and power density

• Increasing package thermal resistance

• Thermal cross-talk, including thermal isolation

• Different thermal (Tj) requirements for each functional IC 

• Thermo-mechanical enabling

High
thermal 

resistance
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Thermal Demand Envelope

Thermal Technologies must typically cover a Hotspot Density Envelope in the (3x-4x)* range with an 

understanding of upside capability for both 2D & 3D Architectures

* It is important to recognize that these ranges are architecture and use case dependent. Thermal 
technologists must focus on developing technology building blocks to provide maximal, cost effective cooling
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Need Holistic Thermal Solutions

Package Thermal
Improvement

Thermally Aware Design
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Thermally Aware Design: FPGA Example

programming affects power 
density

Transceiver power densities

Tools to minimize power 
density
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Heterogeneous Integration Roadmap: Thermal TWG
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Thermal Problems Identified 

IEEE HIR Thermal TWG - ECTC 2020  
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Advanced Research and Solutions

IEEE HIR Thermal TWG - ECTC 2020 
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Call for Innovation on Thermal Management 

▪ Better TIMs and heat spreaders for MCPs

• ≥2.5x Rjc reduction – Near Term Target

• 10x reduction should be a target for the next decade

▪ Dual-purposed TIMs as a warpage control solution

▪ Complement package level solutions with System level solutions

• Research in liquid cooling (including immersion) material/design options 

▪ New Materials & Cooling technologies  

▪ Improved metrologies

▪ Increased focus on transient responses

▪ Strengthen Co-Design Interfaces

▪ New technologies such as photonics, quantum computing 
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Legal Notices
This presentation contains the general insights and opinions of Intel Corporation (“Intel”) that are provided for 
informational purposes only and subject to change without notice. Statements in this document that refer to Intel’s plans 
and expectations for the quarter, the year, and the future, are forward-looking statements that involve a number of risks 
and uncertainties. A detailed discussion of the factors that could affect Intel’s results and plans is included in Intel’s SEC 
filings, including the annual report on Form 10-K.​

Any forecasts of goods and services needed for Intel’s operations are provided for discussion purposes only. Intel will have 
no liability to make any purchase in connection with forecasts published in this document. Intel accepts no duty to update 
this presentation based on more current information. Intel is not liable for any damages, direct or indirect, consequential 
or otherwise, that may arise, directly or indirectly, from the use or misuse of the information in this presentation. Intel 
technologies’ features and benefits depend on system configuration and may require enabled hardware, software or 
service activation. Learn more at intel.com, or from the OEM or retailer. ​

Copyright © 2019 Intel Corporation.​

Intel, the Intel logo, are trademarks of Intel Corporation in the U.S. and/or other countries.​

Other names and brands may be claimed as the property of others.​
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A global leader in the ATE 
industry with a WW installed 
base of over 30,000 systems

Our nanotechnology products 
support leading-edge 

semiconductor processes at 
the 1Xnm node

Our diverse workforce
includes 5,500 employees 

from 50 countries

Eco-friendly policies 
emphasize reduction of

our carbon footprint

2018 Global Technology Leader
by Thomson Reuters

60+
Innovating in the measurement arena 

for 60+ years 
A VLSIresearch 10 BEST supplier

for 32 consecutive years
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