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The Wetware-Hardware Interface:

Three ways of interfacing our brain to a compute
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From 200 bytes filling a big room...

To 32 Gbytes filling your pocket...
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Nevertheless, input/output remained the sa

Output: screen
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Input: keyboard
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From a computer-in-your-pocket to hidden-elect

autonomous interfaces to the real-world needed
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The Embedded Internet: 4th Generation Devices
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For health care related hidden—electronics—everywheri

interfacing with electrogenic characteristics of the boc

———— ECG tracing

System level -
electrical activity of all neurons
measured outside the body

Too bulky
Too uncomfortable

Micro level -
electrical activity of one neuron
measured/stimulated inside the body

Macro level -
electrical activity of a region of neurons
stimulated inside the body g

Too coarse

No feedback loop
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What miniaturization can bring you:

See your heart activity... comfortably a

—— ECG tracing Not th|s but th'S
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What miniaturization can bring you:

Hear your brain activity... comfortably and continu

but this...
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Listen to your brain activity
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Challenges for DBS implantable devices

Smaller contacts

SMr
Stimulation &
Recording

Steering &
calibration

Electrode
stability

MRI compliance
Easy handling

Test path
-Therapy finding

-Approval
-Human use




VISION: in vivo

Stimulation Phase Measurement Phase
"curing" o_nly the Signal separation
problematic areas Spike paramterer detection
Avoid damage to normal areas
Neurophysiological
Effect
proble Stimulation Recording
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) Feedback Acquisition
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Broad choice of topologies & materials
characterized in solution, in vitro, in vivo

Black Pt
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Efficient design cycle using experimental

characterization — modeling — simulation
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Signal processing & electronics for simultaneous
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From components to a fully integrated impla

micro system for small animal (and human)

. PowerPerformance scalable wireless link
ﬁﬁ Small animal pu 1cg S el

. Wireless link
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Why does the merger make sense?

neuro
electronics

p———— chemical
(_:MO_S _ coatings
circuits - :

functionalized
nano particles
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Interfacing at
the nanoscale ©
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Micro- and nanoelectronics <-> Bio
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Technology paves the way from cell to
computer
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VISION: in vitro

* From classical neuroscience to probing and
controlling the brain at the level of a single cell
and even single synapse
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3D electrodes: nails

Flat vs. nail-like:
e Increase electrode-membrane coupling
o Increase Rseal > better signal quality

Classical planar IMEC

ted 2010 | 28



Tuning hardware to fit biology

probes

On chip "ENGULFMENT” Improved signal coupling
(reduced signal leakage,

reduced parasitics)

- Rudy Lauwereins
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Applications: in vitro

R&D tools for basic science (e.g. understanding cellular signaling,
communication, disease mechanisms)

Drug screening
Biosensors
Actuation and sensing of prosthesis

;
A
P2

Acc.V Spot MagnA  Det WD Exp
5.00kV 3.0 469x SE 58 1
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Tuning hardware to fit biology

e Full system integration
(customized for application)

needle ——

CMQS reado.u.t/cqntrol electronics pcov SpotMagn Dot WD Exp F—— 2ym
In situ amplification :
TSMC 0.18 pym technology Cellular probes: needles & syringes
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From technology to the complete prototype Sy
for in vitro micro nail array recording & stimul.

e Process development for nails
e CMOS design

e Packaging

e System setup

:‘ Idy Lauwereins
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Increased actin concentration Axon guidance due to
around nails @ ENGULFMENT nail spacing 2 CELL TAXIS
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L ocalized neuronal stimulation
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From micro-level in-vitro to in-vivo...

Sensing and steering individual neurons will enable
the coupling of prostheses to the human nervous system

How the arm works
© eedrocs edtothe hamess wom
onthe shoulder detect electrical
[1 1 brehistishidc
nevestothepaten
test oAmmﬂ!m

v e o
. a
Mx;"ll elbow andwrist

(© sensation nenvestothe handre et
pelchol skinon thechest, ivng patet
sense of touch
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Will the data centers
of the future look
like this?

Rudy Lauwereins
© IMEC restricted 2010 BY






