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Background

Current computing systems are rigid and limited, unable to replicate the brain’s energy-efficient, adaptive
processing. Neuromorphic platforms emulate some neural functions with silicon-based spiking networks,
but these hard, purely electrical systems cannot match the brain’s modular, decentralized and flexible
intelligence. To achieve brain-like computation, a platform must process noisy, incomplete data in real
time, self-organize into functional modules and scale efficiently while interfacing seamlessly with
biological systems.

The Big Idea

Develop synthetic, adaptive brain-inspired computing modules that replicate and extend neural
computation through soft materials and chemistry.

Why does this matter? Emulating brain-like computation could revolutionize computing, neuroscience,
robotics and medicine. Adaptive, modular systems would perform complex tasks with low energy
consumption, enabling real-time sensing, decision-making and interfacing with biological systems.

What will you do? BrainTECh creates synthetic neurons, or “synrons,” that self-organize into trainable
modules (“synmods”) capable of learning and performing computations rivaling or surpassing biological
neurons. By exploiting photochemistry and chemical encoding, synmods will offer new memory and
processing mechanisms beyond genetic or silicon constraints. Soft, chemical substrates will allow direct
interfacing with biological neurons, enabling seamless machine-brain communication. Applications
include cloud-accessible processors for sparse-data machine learning, chemosensing for soft
micro-robots and adaptive drug delivery systems.

How will you do it? The project integrates soft materials, chemistry and neuroscience principles to design
and test synrons and synmods. Research will combine modeling, synthesis and hardware prototyping to
create scalable, adaptable computing networks. Collaborations with industry and education initiatives will
support translational development and workforce training.

Impact

BrainTECh could establish a new paradigm for brain-inspired computation, delivering scalable,
energy-efficient, adaptive processors with broad applications in Al, robotics, healthcare and
environmental sensing. By merging chemistry, engineering and neuroscience, this initiative positions
Penn to lead in brain-inspired technologies and drive both scientific and societal impact.


https://stebelab.seas.upenn.edu/
https://peterssongroup.chem.upenn.edu/EJPLab_Home.html
https://www.smartlabupenn.com/
https://pratikac.github.io/
https://www.cis.upenn.edu/~kostas/
https://www.physics.upenn.edu/~vbalasub/Home.html
https://fling.seas.upenn.edu/~biophys/dynamic/wordpress/
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