


Steps of large-scale recordings with silicon probes
light/silicon probe

4 gt S

~ microdrive =
interconnect—>’
- \

' «— signal
multiplexer

telemetry

Cable data logger
data mining/ data /
dlscovery acquisition  gom
umt clusterlng

Buzsaki, Stark, Berenyi, Khodagholy, Kipke, Yoon, Wise Neuron (2015
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Pyramidal cells generate elongated
open fields

Amplitude drops rapidly
with distance (~ 1 V/m)

Buzsaki, Anastassiou, Koch, Nature Rev Neurosci 2012



Einthoven:

triangulation of voltage signals
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Separation of neurons by triangulation of
electric sources

Tetrode
Different neurons
have different
amplitudes on the

four wires
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State of the art (to date)

Eight-shank x 32 =
256-site probe

NeuroNexus, Inc.

Six-shank 'docatrode’

Blackrock
Microsystems

Buzsaki, Stark, Berenyi, Khodagholy, Kipke, Yoon, Wise Neuron (2015)




8 x 32 channel
INTAN
multiplexers

8 x 32 = 256 site
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External electronics

Berenyi, Stark, Roux, Harris, Leonardo, Buzsaki J Neurophysiol 2013

Probe shanks

Polvimide cables

~$15,000 head-
gear/rat

(plus labor)




IMAC probe

$4.8 million - 4 years
HHMTI, Allen Brain Institute,
UCL, Wellcome Trust and the
Gatsby Foundation

Single shank
384 channels, 976 sites
and fully integrated
amplifier/multiplexer
electronics

200 um NeuroSeek (EU) >
$10 million




Closed-loop interaction with brain circuits
light/silicon probe
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Diode-probe - 3 to 5 days postdoc cost

SS ) I 1) : . -
1 mm | 10-30 mm 25 mm 25mm

fiber tip

recording
sites

Stark, Koos & Buzsaki, J Neurophysiol 2012



Optical splitter

JOOO0O0000

nonooooon Optical fiber

Stimulﬁion (=

Wu, Stark, Im, Cho, Yoon, Buzsaki, Wise, Yoon J Neural Eng 2013



Optical mixer

Light
transmission

L Light
wission
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Wu, Stark, Im, Cho, Yoon, Buzsaki, Wise, Yoon J Neural Eng 2013



pLED-pr'obe = simultaneous recording and stimulation

Wu , Stark , Ku , Wise, Buzsdki, Yoon Neuron 2015



IILED-pr'obe = simultaneous recording and stimulation
N /1 it " .\.’/////f} | i

| 1)
A/
’
14
y ¥ Ut )
\f f

/1]

| X i 9!
I Y 7/ A
) é/,’f"’f’/,é’/[' | 1 1]

4

l’/,l‘/

// Y/
i 01/ "[| J
I
AT~
w7
I

GaN/InGaN on Si

8 recording sites
3 pLEDs (Ir on Au)

Wu , Stark , Ku , Wise, Buzsdki, Yoon Neuron 2015



A shank 1 shank 2 shank 3 shank 4 shank 5 shank 6 shank 7 shank 8
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Advanced pLED-pr'obe — back-end electronics

Buzsdki and Yoon planned  (Brain Initiative)



Testbed 1: Passive and Active HD Electrodes

Electrode scaling

Spike sorting

Preamp & Mux Algorithm Develop
2D and 3D High Dim. clustering
assembly Streaming to cloud

Modular Shared
Platform

Closed-loop control
Activation/silencing

S e Real-time sorting
Biomimetic

Multi-color '
20-100 stim. ch. Wg feedback
Testbed 2: HD Multi-color Optoelectrodes

Yoon and Buzsdki  planned



NeuroGrid - spikes from the brain surface

Khodagholy, Gelinas, Thesen, Doyle, Devinsky, Malliaras, Buzsdki, Nature Neurosci (2014)



Neurobrid —
*organic material-based, @ E
-ultraconformable (4 um thick) ”

*biocompatible (PEDOT:PSS; parylene C
encapsulated)

-scalable neural interface array with
‘neuron-sized-density electrodes
‘record both local field potentials (LFPs)
and action potentials from superficial
cortical neurons without penetrating the
brain surface

Khodagholy, Gelinas, Thesen, Doyle, Devinsky, Malliaras, Buzsdki, Nature Neurosci (2014)
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Recording of spikes from the cortical surface

Khodagholy, Gelinas, Thesen, Doyle, Devinsky, Malliaras, Buzsdki, Nature Neurosci (2014)
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Recordings from the cortical surface in humans
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Subdural grid

(sadly: current state-of-the-art in humans)

Posterior

\\ Anterior



Prerequisites of reliable data

A—
=
3
=+ E—
t—
—
3

) Prorzs
(rardware) \ing

—_—

Clusters of multiple separated neurons

Clustering
Y ~SaftwarZ;

\\\

data analysis




Anli Liu




'Active’, large-scale NeuroGrid
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Recording of spikes from the cortical surface
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Khodagholy, Gelinas, Thesen, Doyle, Devinsky, Malliaras, Buzsdki, Nature Neurosci (2014)



Recording of spikes from
the human cortical surface
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Frequency (Hz)

Nomnalized firing rate (a.u.)

S.
Khodagholy, Gelinas, Thesen, Doyle, Devinsky, Malliaras, Buzsdki, Nature Neurosci (2014)



1000-channel multiplexer
(with Kenneth Shepard, Columbia U)

a Custom neural
High density connector amplifier IC

Connector

C4 flip-chip

« » qu NeuroGrid electrode



Extracellular spike amplitude decreases
rapidly with distance from the source
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Henze, Borhegyi, Csicsvari, Mamiya, Harris, Buzsaki, J Neurophysiol 2000



1 FH recording end

384-site
Neurobrid
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Waveform variability in space

4 Y *Spike amplitude and

3 waveform depend on
o [ neuron geometry
SSE -Largest amplitude
spike occurs next to
the soma

-Waveform varies
mainly parallel to the
-somatodendritic axis

Henze and Buzsaki 2003
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Electroanatomy of cortical layers

* Unidentfied
A Pyramidal
® Interneuron

Bereyi, Star Rux,



Relationship between intracellular and
extracellular action potentials
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Henze, Borhegyi, Csicsvari, Mamiya, Harris, Buzsaki, J Neurophysiol 2000
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Pyramidal
cells generate

";
elongated

' extracellular
o fields

Problem

§ The fle|dS Of
many neurons
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s‘rrongly
~overlap

Gold, Henze, Koch, Buzsaki,
J Neurophysiol 2006



512 channels ‘ ; / Ultraflexible cable
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