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Description Research Topic Description, including Problem Statement:

With the end of Dennard scaling and now Moore’s law, future advances in computing will increasingly come
from novel approaches to microelectronics. Superconducting electronics (SCE) offers the possibility of energy-
efficient computing and/or high clock speeds, bypassing the power dissipation and signal distribution
limitations of high-density chips. However, present-day SCE have low circuit densities, especially for memory,
making the implementation of conventional CPU architectures in SCE difficult.

This topic aims to identify emerging computing problems that can utilize the unique advantages of SCE and for
which the lack of dense superconducting memory is not a fundamental impediment.

Example Approaches:

1. Superconducting hardware accelerators: customized hardware for performing specific computational tasks
extremely fast and/or efficiently.

2. Design of novel processing-unit architectures that leverage low-dispersion superconducting interconnects
to better utilize off-chip low-density memory, possibly utilizing chip stacking.

3. Digital signal/image processing of data streams generated by cold sensors: radar/communications
receivers, transition edge sensors, superconducting analog-to-digital converters.

4. Neuromorphic and stochastic computing implemented with superconducting technology.
5. Novel interfaces between SCE and cold CMOS to enable the use of dense CMOS memory in SCE

architectures. 

Relevance to the Intelligence Community (IC):

Over the last several decades, maintaining a competitive advantage in computing could be sustained by a
continued miniaturization of CMOS electronics. With end of Moore’s law, advances will come less and less
from decreased transistor size and more from (1) innovation and specialization of computing hardware, and (2)
new and unconventional approaches to electronics. The work described above would identify specialized
applications where SCE can excel in the short-term while continuing long-term investment in this potentially
revolutionary approach to high-speed and energy-efficient computing.
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U.S. citizens only

Ph.D. in a relevant field must be completed before beginning the appointment and within five years of the application deadline

Proposal must be associated with an accredited U.S. university, college, or U.S. government laboratory

Eligible candidates may only receive one award from the IC Postdoctoral Research Fellowship Program

Research Advisor Eligibility

Must be an employee of an accredited U.S. university, college or U.S. government laboratory

Are not required to be U.S. citizens

 

Key Words: #Superconductivity, #Microelectronics, #Computer Architecture, #Digital Signal Processing,
#Neuromorphic Computing.

Eligibility
Requirements

Citizenship: U.S. Citizen Only
Degree: Doctoral Degree.
Discipline(s):

Chemistry and Materials Sciences (12 )
Communications and Graphics Design (6 )
Computer, Information, and Data Sciences (17 )
Earth and Geosciences (21 )
Engineering (27 )
Environmental and Marine Sciences (14 )
Life Health and Medical Sciences (48 )
Mathematics and Statistics (11 )
Other Non-Science & Engineering (2 )
Physics (16 )
Science & Engineering-related (1 )
Social and Behavioral Sciences (29 )
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