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Center Motivation

• Data generation and movement will be at the heart of the 
always-available, deeply integrated, and immersive 
systems of the future

• Future wired, wireless, and optical communication systems 
operating from GHz to THz frequencies face an imbalance 
between data generation rates and communication 
capacity

• Future compute and memory system improvements must 
be accompanied by communication and connectivity 
breakthroughs and novel communications technologies

• Future applications will require orders of magnitude 
improvements in communication capacity, performance, 
energy efficiency, security, and resiliency
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Future Battlespace:
• Manned, Unmanned, and 

Autonomous platforms working 
cooperatively to achieve mission 
objectives

• On-board processing necessary at 
the edge for optimal decision making

• High bandwidth data exchanges for 
cloud and remote processing

• Resilient systems capable of 
operating under duress in contested 
environments

Communication and Connectivity:  Application to the Defense Mission
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Center Scope
Goal: Uncover new technology approaches that enable high-bandwidth, energy-efficient 

connectivity for a range of future applications 

Microsystems 
Interconnectivity Wired Connectivity

Communication Networks

Chip-to-Chip Communication

Wireless Connectivity

Machine-to-Machine Communication
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Desired Attributes and End State

Wireless Communication Networks:
• Microwave, mmWave, THz, optical communication networks
• Application Examples:  Broadband and military communications, IoT, Immersive 

augmented reality, autonomous vehicles, etc.  
• Desire Attributes:

• High capacity and energy efficient (< 0.1 nJ/bit)
• Intelligent adaptability and reliable under different operational environments
• Reliability of Service:  ability to learn, adapt, and self-healed 
• Security designed into the hardware and waveforms

Wired Connectivity:
• Fiber or other fixed-line media
• Application Examples:  Data Centers, long-haul communications, etc.  
• Desire Attributes:

• Energy efficient 
• Flexible architectures for optimal data transmission
• Intelligent adaptability and reliable under different operational environments
• Reliability of Service:  ability to learn, adapt, and self-healed 
• High Bandwidth systems > 400 Gbps/link
• High capacity > 1Tbps/Wavelength
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Desired Attributes and End State
Microsystems Interconnectivity:
• Electrical, optical chip-to-chip interconnects 
• Application Examples:  Heterogeneous Computing, military sensors, next generation 

microsystems
• Desire Attributes:

• Adaptable to application:  balance computational, storage, and communication 
• Energy efficient
• Scalable 
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Research Considerations

Vertically integrated breakthrough research efforts are needed in five key 
areas: 
• Application-driven, software-programmable architectures and demonstrations 
• Components and integrated subsystem solutions to enable communication and 

connectivity architectures
• Enabling devices and components to achieve system-level performance 
• Heterogeneous integration and unique packaging approaches 
• Security, data integrity, and trust with a focus on moving data across challenging 

and typically lossy channels (wired, wireless and optical) requiring innovative 
technology and signal processing. 

The Communication and Connectivity theme will address enabling devices, 
component demonstrations, and integration approaches that will demonstrate 
compelling improvements in performance, connectivity capacity, and energy 
efficiency (i.e., pJ/bit) across example applications

ArchitecturesApplications

Integrated 
Sub-systems

Components

Heterogeneous 
IntegrationDevices

Security, data 
integrity and 

trust
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Theme Requires

• Identification of a Communication-Connectivity grand challenge related to at least one of the 
following use cases:

• GHz-THz wireless communications (beyond 5G)
• Optical communications
• Chip-to-Chip communications 

• Holistic system approach to optimize for efficiency, capacity, energy as well as robustness and 
security

• Architecture definition intended to address grand challenge objectives
• Integrated testbed demonstrations to benchmark performance goals
• Sub-system and enabling component demonstrations
• New data/information management concepts and processing techniques demonstrations
• New device and integration concept demonstrations to enable next level of performance
• Development of models for performance prediction and to facilitate design
• Experimental demonstrations and technology benchmarking

Dual Applicability to Commercial and Defense Use Cases Encourage
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Possible Research Tasks

1. Devices and Materials to enable RF-THz communication signals for wired, wireless and 
optical front end:
• High efficiency power amplifiers for THz frequencies 
• Integrated photonics modulators, detectors, and processing
• Novel low-loss interconnect (optical and electrical)
• Modeling and metrology techniques to design and predict device/component performance 

2. Array Technology and Architectures:
• Active sensing and beamforming
• Sensing spectrum and dynamically adapting communication links to best efficient channels 

while mitigating interference for increased capacity and efficiency 

3. High-efficiency data modulation, adaptive processing, and data recovery techniques: 
• Advanced equalization, crosstalk mitigation and full duplex operation with associated signal 

processing/conditioning
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Possible Research Tasks

4. Packaging Heterogeneous Integration solutions for Communication:
• Integrated antenna arrays and low loss in the mmWave-THz regime
• Heterogeneous technologies include CMOS, III-V (i.e., GaN, InP, SiGe), photonics, passives, 

and low loss interconnects

5. Communication Solutions, Processing and Architectures
• Novel and new signal processing approaches to address capacity and efficiency
• Tbps chip-to-chip communication
• New RF/THz generation techniques for range and bandwidth

Additional research recommendations identified in the Decadal Plan for 
Semiconductors:  Chapter 3 – New Trajectories for Communications 
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Reference Documents:

https://www.src.org/about/decadal-plan/

https://www.src.org/compete/

https://www.src.org/compete/
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