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Development of biocompatible artificial CVD
diamond nano-transducers for interfacing to
neural cells for retina neuron stimulation
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e Diamond can be grown using CVD
* A wide bandgap semiconductor

* The ideal electrode material

e Carbon for surface functionalisation

Gemstones Synthetic diamonds
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Nanocrystalline diamond film
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Diamond substrates
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Diamond interests for bio-interfacing

1) A high band gap (5.47 eV: ultra low background levels)
2) No oxide layer: noise reduction, stimulation current levels
3) Optically transparent
4) Chemically inert
5) Electrodes : the reactivity of Pt, with 2x its potential window
6) Outstanding biocompatibility
7) No fouling — no contamination : >2000 CV cycles : no alteration
8) Carbon surface for functionalisation issues
towards direct biointerfacing of a semiconductor with cells ?
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A remarkable biocompatibility

A nanocrystalline material :
With low roughness
Tested biocompatibility
Mechanically resilient

Retina cell cultures on diamond : Osteoblasts, Day 5

After 10 days, with no surface functionalisation

Low glial cells, stability of bipolar cells
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Biocompatibility
as high as glass
Although diamond is
a semiconductor !

50 um

On polylisine/laminine W/o fonctionnalisation
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Osteoblast MG 63 culture on various substrates

human osteoblast-like MG 63 cells (40 000 cells/dish, 10 530 cells/cm2)
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Patterning cell arrays on diamond surfaces

Removal of the
PDMSstamp

Removal of excessive
protein solution

Pure Retinal ganglion/cells .
J ‘/7/

L T Biocompatibility as high as glass
—~ Although diamond is a semiconductor !
@Aﬁl\ﬂ\s Figure D5.2_9 : Immunostaining of pure RGCs

on PECM patterned diamond substrates
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1- Diamond electrochemical microelectrode

arrays (MEA) for cell Interfacing

Diamond MEA
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Wafer

B-NCD

TiSi2

Su8

PDMS

Glass

Carrier

Epoxy

Chip fabrication

MEA is flip-chipped onto a
carrier and contacts attached
with silver glue.

Epoxy isolates contacts.

Culture space is built up with
glass rings and all carrier
surfaces are sealed with

PDMS.
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HL1 measured on diamond MEA

Cardiac myocyte-like cell line
after 3.5 days culture.

Confluent layer formed.

Cells spontaneously active.

TC Plastic 5 days in culture.

B-NCD MEA
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Average of channel recording

Spikes detected have similar shape and time course.
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HL-1 signal propagation in 10 ms bins
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Wave propagation

Average 24 working electrodes detecting beats (n=23 beats).

Rotation of propagation wave observed over time.
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2- Diamond transistors for cell signal
recording
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