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Mission Statement for HIR – Aerospace – Defense (A-D)

• The mission of Heterogeneous Integration Roadmap for Aerospace and Defense is to 
provide guidance and recommend solutions to the profession, industry, academia and 
government to identify key technical challenges with sufficient lead time that they do not 
become roadblocks preventing the continued progress in Aerospace and Defense
electronics. 

• There is the need to address heterogeneous integration technologies for new capabilities 
for embedded high-speed computing, cyber, sensors, C4ISR and RF/analog for unique 
sets of requirements, production volumes and lifecycle timelines. 

• That progress is essential to the future growth of the industry and the realization of the 
promise of continued impact on aerospace, defense and security applications. 

• The approach is to identify the requirements for heterogeneous integration in the A-D
electronics industry with 5-, 10- and 15-year horizons, determine the difficult challenges 
that must be overcome to meet these requirements and, where possible, identify 
potential solutions and synergies between the greater commercial sectors and the 
smaller A-D community.
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Cross Chapter Links Needed

• HPC and Data Center
• 3D & Interconnect
• Integrated Photonics
• SiP and Module
• Single Chip and Multi-Chip Integration
• Co-Design
• Emerging Devices
• Security
• Supply Chain
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Aerospace and Defense Sector
• DoD Primes: Lockheed Martin, Northrop Grumman, Raytheon, BAE Systems, 

General Dynamics, and Boeing
• DoD’s subsystem suppliers such as General Electric, Rockwell Collins, and Rolls-

Royce provide vital subsystems including propulsion, command and control, 
electronic warfare, and structural subsystems to DoD’s primes.

• A-D component suppliers provide component parts including energetic and 
structural materials, microelectronics, cables, and connectors for prime and 
major subsystem providers. The HIR A-D TWG focuses on microelectronics

• Pure Play suppliers

The A&D sector has been at the forefront of digital innovations, leading the 
way for other industries in the adoption of technologies

http://www.businessdefense.gov/Portals/51/Documents/Resources/2016%20AIC%20RTC%2006-27-17%20-%20Public%20Release.pdf?ver=2017-06-30-144825-160
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National Defense Strategy (2018)
• National Defense Strategy: “Platform electronics and software must 

be designed for routine replacement instead of static configurations 
that last more than a decade … Deliver performance at the speed of 
relevance

• New commercial technology will change society and, ultimately, the 
character of war. The fact that many technological developments will 
come from the commercial sector means that state competitors and 
non-state actors will also have access to them, a fact that risks 
eroding the conventional overmatch to which our Nation has grown 
accustomed. 
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https://dod.defense.gov/Portals/1/Documents/pubs/2018-National-Defense-Strategy-Summary.pdf



DoD Funding Historical Perspective
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https://www.semiwiki.com/forum/content/7368-meeting-challenges-national-defense-strategy.html



What are the Future Directions & Challenges of
Aerospace and Defense Electronics Systems

The Aerospace / Defense Systems market segment is an unique 
sector
• High Performance – Access to leading nodes and advanced 

packaging technologies
• High Reliability – harsh environments, human safety
• Long Product Lifecycles – parts obsolescence & upgradability
• Low Volumes – high product mix, affordability
• Need domestic supply chain
• How can heterogeneous integration help to achieve system 

performance objectives?
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IC Manufacturing in a Globalized Independent Supply Chain

http://www.businessdefense.gov/Portals/51/Documents/Resources/2016%20AIC%20RTC%2006-27-17%20-%20Public%20Release.pdf?ver=2017-06-30-144825-160
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Changing Foundry Landscape

• Foundries 
concentrated in Asia

• Chinese players 
growing

• Increasingly 
consolidated among 
leaders
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• Nearly all foundry growth in 2018 driven by customers in China



Differences between commercial Products and DoD 
Business Models
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NDIA: Trusted Microelectronics Joint Working Group: Future Needs & System Impact of Microelectronics Technologies, http://www.ndia.org/divisions/working-
groups/tmejwg/final-team-reports



Aerospace and Defense Drivers
• What are system drivers?

• NRE costs and schedules

• Qualification / Reliability for harsh environments

• RF Convergence & Autonomy

• What are technical drivers?

• Digitization over wide bandwidths and at high dynamic range to enable new capabilities

• Common DSP HW/SW to reduce required equipment, lower power consumption and improve 
sustainability / upgradability

• Integration of RF/analog and digital functions is required

• What are the supply chain issues?

• Access to the most advanced technology but on-shore in low volumes

• Parts obsolescence, Security, industry support

• Possible solutions: standardized interfaces, IP-Reuse ecosystem
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What are Some Metrics to Consider?

9/13/17

• Performance: data rate, latency, throughput, TFLOPs, insertion loss, 
isolation, dynamic range, etc

• Energy/Power: pJoules per bit, Throughput per Joules, TFLOPS/Joule, 
Leakage power etc.

• Interfaces: signaling protocols, error correction, interconnect lengths, 
ESD etc.

• Thermal: Maximum junction temperature, number  of hot spots, power 
densities of hot spots

• Electrical: Power distribution losses to components inside package, 
losses in conversion, peak inductive noise, harmonic noise etc.

• Reliability/Availability: MTBF, radiation hardness, metric related to 
graceful degradation on component failures, lifetime ranges etc.

• Others: PLEASE SUGGEST!
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DARPA’s Electronic Resurgence Initiative
• Today’s critical Department of Defense 

(DOD) systems and platforms rely on 
advanced electronics to address national 
security objectives.

• To help tackle obstacles facing a half-
century of electronics advancement, 
DARPA launched the Electronics 
Resurgence Initiative (ERI) – a five-year, 
upwards of $1.5 billion investment in the 
future of domestic electronic systems. 
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https://www.darpa.mil/news-events/electronics-resurgence-initiative-summit
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Emergence of Chiplets as the Evolution of 
Moore’s Law
• Chiplets (smaller pieces of silicon) will enable their silicon architects to 

ship more powerful processors more quickly.
• Shorter time to market to mix and match modular pieces linked by shorter data 

interconnections instead of complex SOC design
• Lower design costs and risks

• Industry leaders like Intel and AMD are implementing chiplets strategies
• Ramune Nagisetty, a senior principal engineer at Intel calls it “an evolution of 

Moore’s law.”
• AMD’s Papermaster: “I think the whole industry is going to be moving in this 

direction”
• DARPA is leading the development of “chiplet” ecosystem through its CHIPS 

program
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https://www.wired.com/story/keep-pace-moores-law-chipmakers-turn-chiplets/
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Source: DARPA



Impact of Advanced Electronics for DoD Today, DARPA: Dr. Jay Lewis, July 19,2017
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Intel Advanced Interface Bus (AIB) Specification Advanced 
Interface Bus (AIB) Enables Modular Design
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https://www.intel.com/content/www/us/en/architecture-and-technology/programmable/heterogeneous-integration/overview.html

• AIB was supported by the DARPA CHIPS program.
• AIB specification is now available to the electronics community



DARPA CHIPS is now seeking to foster a Chiplet
Ecosystem for DoD Users
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Source: DARPA
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DARPA PIPES -Photonics in the Package for Extreme Scalability
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DARPA PIPES -Photonics in the Package for Extreme Scalability
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DARPA IDEA
• IDEA aims to create a 

“no human in the 
loop” 24 hour 
turnaround layout 
generator for System-
On-Chips, System-In-
Packages, and Printed 
Circuit Boards. 
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DARPA IDEA
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The TWG for Developing the Heterogeneous Integration 
Roadmap for Aerospace and Defense

9/13/17

• Goal: develop a roadmap for heterogeneously integrated 
components for applications in Aerospace and Defense

• Specific goals:
• Identify the A-D specific challenges in the next 5, 10 and 15 year

horizons
• Identify promising solutions and technologies
• Identify any unaddressed challenges and the types of solution/ 

technologies needed
• Document all of these as a chapter in the overall HIR document
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The HIR TWG for Aerospace and Defense

9/13/17

• Outlook: 5, 10 and 15 years
• Reports will be freely available on the IEEE EPS and Semi websites

• All based on publicly available data
• This TWG collectively authors a single chapter contributing towards the overall HIR

• Goals:
• Define needs and develop goals
• Identify challenges/obstacles, working with existing cross-TWGs
• Identify potential solutions that look promising
• Identify gaps, research challenges/needs in the coming years for realizing the goals

• We solicit input on ALL aspects of thisTWG
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HIR Technical Working Group
Heterogeneous Integration Components

• Single Chip and Multi Chip Packaging 
(including Substrates)

• Integrated Photonics
• Integrated Power Devices
• MEMS & Sensor integration
• RF and Analog Mixed Signal

Cross Cutting topics
• Materials & Emerging Research Materials
• Emerging Research Devices
• Interconnect
• Test
• Supply Chain 
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Integration Processes
• SiP
• 3D +2.5D
• WLP (fan in and fan out)

HI for Vertical Applications
• Mobile
• IoT and Wearable
• Medical and Health
• Automotive
• High Performance Computing & Data Center
• Aerospace & Defense (Tim Lee, Boeing, Jeffrey 

Demmin, BAH)

Design  
• Co-Design & Simulation – Tools & Practice
 Device, package, subsystem & system levels



We like to invite you all to consider  joining in 
the Heterogeneous Integration Roadmap

Development and participate in contributing 
to the Aerospace and Defense Technical 

Working Group.

Tim Lee, tt.lee@ieee.org
Jeffrey Demmim, demmin_jeffrey@bah.com

9/13/17

Thank you
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