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The “Reverse Time Machine”
Approach to Engineering Innovation

[* Term co ined by D. Culler, UCB]



215t Century Question:
“What if electronic sensor/processor nodes
approach biological cell sizes?”
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Interfacing with the Brain

A) Electrical B) Optical

C) Magnetic Resonance D) Molecular

[Courtesy: Marblestone at el, arxiv.org 2013]



Brain-Machine Interfaces in the News
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Mind over matter helps paralysed
woman control robotic arm

Doctors in Pittsburgh stunned at ability of patient who has
reached levels of performance never seen before

Listening to the voices inside your head
“Neuroscientists may one day be able to hear the imagined speech of a patient

unable to speak due to stroke or paralysis, according to University of California,

Berkeley researchers.” [Pasley at al, PLOS12]




BMI Paradigm
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BMI Challenge: Longevity

= Not sufficient for chronic BMI implants

[Turner 1999]

= Recorded signal quality is reduced by
scar tissue formation

= Cables cause infection
=  Packaging



The Berkeley Brain-Machine Interface (BMI)
- Combining uECoG and “Neural Dust”

“An implanted neural interface
that can provide imaging (and
possibly stimulation) of neural
activity

using arrays of
patterned and free-floating
sensors”

=  Microscopic, compliant, and
flexible (!)

= Wireless powering and data
communications

= Tons of selectable channels

[A collaborative effort between BWRC, UCB Engineering, UCB Neuroscience, and UCSF NeuroSurgery
(as part of the CNEP Center)]



A Global View with Wireless utECoG

with pitch as low as 200
um, providing unprecedented resolution

Antenna + electrodes printed on parylene
substrate using semiconductor-like process

Offering huge potential for BMI (ALS, Epilepsy).
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[Courtesy: P. Ledocowich, R. Muller, M. Maharbiz, J. Rabaey]
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More Food for Thought ...
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Vulecan mind meld? UW scientists connect two brains via
the Internet

In what is believed to be a first, a University of Washington researcher was able to transmit signals from his
brain across campus and cause a colleague’s fingers to move. But some experts aren’t impressed.




Back to the “Reverse Time Machine”

Energy, low signal-to-noise ratio and variability
limit further scaling of semiconductor systems
(end of “Moore’s Law” ?)

Future abiotic
computational systems that mimic
biological (neural) systems to
extend Moore’s Law

Neuro-inspired
scalable computational paradigms
based on statistical inference,
massive redundancy and
parallelism that embrace
properties of nano-devices
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