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Recap: Compression of Neural Signals 
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▪ Spike Detection



Recap: Compressive Sensing
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▪ Given a signal’s sparsity, it may be
reconstructed with fewer samples than
the sampling theorem requires

▪ Low cost, generality

▪ Measurement matrix with random 0/1 



Recap: Compressive Sensing
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Recap: Compressive Sensing Hardware - Digital
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Recap: Compressive Sensing - Digital
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N = 1000
M = 50   
CR = 20

F. Chen, JSSC’12



Compressive Sensing - Digital
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Compressive Sensing Hardware - Analog
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Neurostimulation (Neuromodulation) 
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Electrical Stimulation
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▪ To prevent electrode corrosion, 
charge balanced pulses used

▪ Can be either cathodic or anodic first

▪ Need not be same length as long as:
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Electrical Stimulation Types
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▪ Voltage-controlled stimulation (VCS)

▪ Constant-current stimulation (CCS)

▪ The magnitude of the stimulation current should exceed a

threshold that leads to the occurrence of action potength-duration

curve for neurostimulation, this threshold current increases with

smaller pulse width:



Neural Stimulator Chip
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B. Thurgood, TBCAS’09



Responsive Neurostimulator (RNS)
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Neural Recording and Stimulation
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J. Lee et al, JSSC’10



Stimulation Circuit
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DAC for Current Control
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Stimulation Waveforms
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Sensing and 
Neurostimulation 
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Sensing and  
Neurostimulation 
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R. Shulyzki, TBCAS’15



Potential Stimulation Sites
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CMOS-MEA5000-System
4225 recording,1024 stimulating

High-density MEA
56 recording, 4 stimulating



Closed-loop Neurostimulation 
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Drawbacks of Open-Loop Stimulation: 
▪ Continuous pulse delivery regardless of the ongoing brain activity
▪ High energy consumption and potential side effects from stimulation



Neural Data Classification
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Intelligent Closed-Loop Stimulation
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✓Effective, low-latency 
intervention

✓Reduced telemetry power
✓Better security & privacy

Implantable system

TX, 
Powering, 

RX

Stimulators

Memory 
& 

Control 
Unit

Patient & Disease-Specific
Model Training

Closed-Loop

ML Processor

Biomarker
Extraction

Amplifiers, 
ADCs

External 
Decoder

Application: Neurological symptom detection & control
▪ Epilepsy, movement disorders, depression, …
▪ Sensory feedback, restoring movement, …

M. Shoaran, Solid-State Circuits Magazine’23
J. Yoo and M. Shoaran, Curr. Opin. Biotechnol.’21
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