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Recap: Neural Recording and Stimulation
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Recap: Stimulation Circuit
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Closed-loop Neurostimulation

Drawbacks of Open-Loop Stimulation:

= Continuous pulse delivery regardless of the ongoing brain activity
= High energy consumption and potential side effects from stimulation
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B NX-422

Neural Data Classification

Visualization

(Nyquist rate waveform, signal power channel,
& spectrogram of Nyquist rate waveform)

Nyquist Rate Waveform

sbfraanmbiipiesai

Annotation

(Annotate data corresponding to physiological
response: Event, Non-event, & Excluded data)

Try other training features
or data scaling or both.

Export event-detector
parameters to a file.

Classifier Training for

Event Detection
(Manual adjustment options: detection
boundary & onset/termination duration)




=PFL Intelligent Closed-Loop Stimulation

Implantable system
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Patient & Disease-Specific

Application: Neurological symptom detection & control Model Training

= 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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PFL  Closed-Loop Stimulation for Epilepsy

= Can we detect and prevent seizures?
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=Pl Epilepsy: Selzure Onset
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=PFL  Feature (Blomarker) Extraction

Spectral Energy
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Seizure Detection

11

Seizure patterns vary among patients >> need a classifier

Seizure
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Integrated on Chip
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Patient-Specific Classifier for Seizure Detection
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=PFL  Chip Micrograph and Performance Summary
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EPFL  Disease Detection Performance Metrics )

. Sensitivity: true positive rate Has the disease Does not have the disease
= Specificity: true negative rate True Positives False Positives
» False alarms/hour (FAR) (TP) (FP)
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Classification Results on EEG Database
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=PFL High-Channel-Count Sensing & Stimulation )

1.27 mm 1.27 mm

B NX-422

Channel Count

1.27 mm

1.5mm

Medtronic 3389

Time (ms)
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direct STNAcute
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| 0.75mm

Finger Decoding

uDBS

Accuracy

1.5mm

Epilepsy
— Early detection of seizure onset

— Precise localization of seizure foci

Movement Disorders
— Improved symptom detection/suppression

— Reduced side effects of stimulation

Motor Prosthetics
— Precise motor decoding

— More natural prosthetic control
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Neurallree: A 256-Channel Versatile CIosed- oc
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=PFL 256-Channel Closed-loop NeuromodulationChip -~
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=PFL  Versatile Brain Activity Classification
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Cross-Regional Neural Synchrony in Psychiatric Disorders

DBS Leads

= Phase Locking Value (PLV)
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Neural Synchrony Processor and Closed-Loop DBS
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