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Recap: Compression of Neural Signals
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=PFL  Recap: Compressive Sensing ;

= Given a signal’s sparsity, it may be
reconstructed with fewer samples than
the sampling theorem requires
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= Measurement matrix with random 0/1
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£PFL  Recap: Compressive Sensing
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=PFL  Recap: Compressive Sensing Hardware - Digital
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Sensor Node
Sensor fi, 1?2
A = —> =
input

Recap: Compressive Sensing - Digital
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=PrL  Compressive Sensing - Digital
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=PrL  Compressive Sensing Hardware - Analog
1 A I}WL ADC —?i—»yllk]

B NX-422




=PFL Neurostimulation (Neuromodulation)
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=PFL  Hectrical Stimulation
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Stimulation time

To prevent electrode corrosion, ‘D"‘|_V_°_|V°'e’

charge balanced pulses used :
Amplifude

Can be either cathodic or anodic first J

Need not be same length as long as:
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=Pl Eectrical Simulation Types

= Voltage-controlled stimulation (VCS)

= Constant-current stimulation (CCS)



=PFL  Neural Stimulator Chip u

voltage rectifier master controller

clock and command recovery

Integrated circuit with surface Mount P8 ] s ol B ¢ RIS [N B o) B[N in [N Ee]n
stimulators, controller, Capacitor . . YT _
Power receiving coil and RF telemetry (0402 package) | ﬁ i |

insulated Au wire _l

400 pm pitch
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10x10 array of stimulators with bias generators
configuration registers
(400 jum pitch)
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=P'L  Responsive Neurostimulator (RNS) m

Recommended Initial Responsive Therapy Settings

PW/Phase Frequency 200 Hz /\ﬁﬁ,
e Pulse Width 160 ps L2255
Current | ‘
| | Burst Duration 100 ms
' ‘ Current 1.0 mA and adjusted as necessary
—— s
Frequency Electrodes Those from which patterns of interest are observed

Burst Duration (total)

— A T A T A A T T A L T T

Therapy 1, Therapy 1, Therapy 2, Therapy 3, Therapy 3,
Burst 1 Burst 2 Burst 1 Burst 1 Burst 2

Episode Start for Pattern A or Pattern B Redetect Redetect



=PFL  Neural Recording and Stimulation

]
]
: data
Ch.0 |
—t UX 8bit FIR | !
o > ——e LFP
=—P{ LNA logADC LPF [} ’
| LN\
| ]
| I > FIR 4—0 spikes
E counter Recording Path HPF | !
| ]
....................................... E —l—|—l—|—
Stimulation Path Default CLK [ 200kHz
register Gen. | !
1
| :
i
1
. . Dedicated | DeTrIoNes
Biphasic e— )
g eﬁ arakas Controller /0 I
:
]
-l

B N¥X-422

J. Lee etal, JSSC'10



EPFL

B NX-422

Stimulation Circuit

[

Ch.63

( Vdd

Vdd

WI/L L L W/L | 4WI/L
-I-:ll WI l .%" :H
I || =

I O

Shared MSBs

VW/L
)

e
SP_source

Lt
Tons
lre SN_sink
3 S£": 3_1": :"&.2 ]Iia :"&4 :"is
E—E— | S
WIL WIL | 2WIL WIL WL |2WL |4WIL |8WIL

ch.o )

Current
output

15



cPrL

B NX-422

DAC for Current Control

current Output [LA]
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200

Stimulation Waveforms
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Stimulator frequency range 31 130 1000 Hz 1 ms period step
Stimulator amplitude range 0 99 135 LA 3 pA step
Stimulator pulse-width range 5 60 320 us 5 s step
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=PFL  Sensing and >
Neurostimulation ® oo
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Potential Stimulation Sites

CMOS-MEAS5000-System
4225 recording,1024 stimulating

High-density MEA

56 recording, 4 stimulating
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Drawbacks of Open-Loop Stimulation:

Closed-loop Neurostimulation

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

Implantable
Neuromodulation Device
Inertial Sensor Sensing
(e.g. Posture, Activity) (percepts)
<
Stimulation Bioelectrical Sensor
(e.g. LFP, ECG, EMG)
l Sensing T
\ Algorithm Nervous System
AN 1. Classification (ENVIRONMENT)
> i _ 8 2. Control policy
,’[3 TN @- o (Performance element)
=~ .y Neural 7
P e °
& Circuit '
& Stimulator Engine >
X (Effectors) Stimulation
= (actions)
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Neural Data Classification

Visualization

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

Nyquist Rate Waveform

sbafraanssmisboiesi

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)




=L Intelligent Closed-Loop Stimulation )

Implantable system

m Amplifiers,
v Effective, low-latency W foee '
) ) TX, D
intervention Biomarker Powering, )
Extraction RX
v'Reduced telemetry power T 3
v'Better secu rity & privacy ML P“;cessm Memory
&
Y Control
ﬁ Stimulators [« Unit
¥
v 3

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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