








“Meaning: More-rapid comprehension, 
better comprehension …, speedier 
solutions, better solutions, and the 
possibility of finding solutions to 
problems that before seemed insolvable.”











Depression, anxiety, 
PTSD, chronic pain, addiction are 
acquired and can be unlearned 



Moodify: 
Quantifiable 
symptoms from 
self-report 
measures 
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Enabler: Miniaturization 

μECoG+BMI
Peter Ledochowitsch / Aaron Koralek

Carmena / Maharbiz 



64 channel remotely 
powered wireless uECoG 
[Muller, Le, Ledoschowicz, 
Li]  

Free-floating wireless AP acquisition electrodes 
 [Biederman, Yeager, VLSI12] 
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Asynchronous 250 nW/
channel spike-sorting 
[Liu, VLSI12] 
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Encrypted Communication
ProgrammerIMD Shield

Encrypted Communication

D without modifying it: The sh

unication with the IMD. An authorized p

municates with the IMD only through the shield, w

it establishes a secure channel.
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Solution: Compression at the source 
•  Raw: 210 Kbps/channel 
•  Epochs: < 32 Kbps/channel 
•  Firing Rates: 150 bps/channel 

[D. Yeager et al,  VLSI 14] 
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Step Computation Complexity 

Output dimensionality 
reduction 

O(T(K0)2) floating point 
multiplications 

O(109) 

System identification 
(“offline”) 

O(4N(K + N)(K + M)M2(K + 
N)2) floating point 

multiplications 

O(1012)  

State estimator  O(KM) multiplications O(103) 

Feedback controller 
(MPC) 

O(hM3N2) multiplications O(109) 



Implantable Low-Power  
Neuro-Inspired HW 

Semi-supervised learning 
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