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* A synapse can contain on the order of 1000 switches on a molecular scale

* A typical brain houses between 100/200 billion (109) nerve cells

* interconnected by between 1013 and 105 synapses!

In the Milky Way there are between
100/ 400 billion (109) stars

i

There are more synapses than stars in the
Milky Way!



(OMMUNICATION-MECHANISM: ACTION ROTENTIAL
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Extracellular fluid
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The action potential involves a rapid reversal of ddp, due to the entry of positive ons into the cell through p

specific proteins that act as channels
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Nature Nanotechnology,
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Adrenaline oxidation
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BIO-S1GNALY DETECTION. EXOCYTOOLS

secretion of £ TR N /

catecholamines

. . Current / pA
(adrenaline, noradrenaline, m:
etc.) Time / ms b

catecholamines are
secreted from vesicles in
which they are highly
concentrated - strong

| max = max oxidation current
t, = rise time of the front rise
t,, = half-width time

" Q = total charge

Signal m= S|ope §
secretion from 1 vesicle: 50- - \
100 ms ¥ &

detection of the oxidized
species in correspondence
of a biased electrode

electrically or chemically
stimulated

NH
CH; 420 +2¢

Secretion vesicle Cytoplasm
containing neurotransmitters

Imax

Extracellular
medium

Cell
membrane

457(2014)
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F. Lema’tre et al. ElectrochimicaActa140
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15 Biosensing on excitable cells

Standard commercial detector

/ﬂ
- Multi electrode arrays (MEA) < : - =
Detection technique e \.\‘-

* Potentiometry

Drawback
Standard commercial detector

- Carbon fiber electrodes (CFE) <

ﬁ@%x Detection technique

Amperometry

@g@

* One cell measure + only amperometric measurement

* Only potentiometric measurement



16 Biosensing on excitable cells

Multi technique
diamond biosensor
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DIAMOND PROPERIIES ~ )

talc calcite uartz topaz diamond

hardness: Mohs scale

Ge Si GaP GaN diamond

electronic gap (eV)

polystyrene Si steel sapphire SiC

Young modulus (GPa)

i i diamond l

thermal conductivity (W m-1 K-1)

i diamond
o, L '

Debye temperature (K)
g Al

diamond W

linear theramal expansion coeefficient (105 °C-1)
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Cellular
bio-sensor

/

* bio-compatibility
e chemical inertness

 optical transparency

\, * diamond synthesis: a mature technology:

\\ availability of synthetic monocrystalline samples
H; of high quality (electronic grade)

* diamond fabrication: lon Beam Lithography



NATURAL DIAMOND

In the depths of the earth (lithosphere: 140-190 km below the
surface, below relatively stable continental plates):

v pressure: 4.5 - 6 GPa
v’ temperature: 900 — 1300 °C

The transport of diamonds to the earth's surface occurs
through volcanic eruptions that originate particularly
deep underground.

Magma does not transport diamonds directly, but the
rocks within which they have formed at depth
(xenoliths).

Primary sources: volcanoes

Secondary sources: sites where diamonds are eroded
out of the rocks that contain them (kimberlite,
lampronite)

N 4 :.—»‘;‘:r‘ ' :, ~ ‘. “:“ G LS NN s - > s
@& Kimberley Mine, il piu grande buco nella terra & \‘/ \
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ARTIFICIAL DIAMOND - “HPHT

iy Y . |

In 1941, the US companies General Electric, Norton and Carborundum entered
into an agreement to develop the artificial synthesis of diamond.

Pressa per la sintesi In the following years, World War Il interrupted the experiments.

del diamante
artificiale The experiments resumed in 1951 at General Electric.

© Kobelco, anni ‘80 The first systematic and commercially viable synthesis of artificial diamond is
achieved on 15 December 1954 and announced on 14 February 1955.

Temperatura 3000 °C The presses used were an improvement on the first machines developed by
Pressione 3.5 GPa Percy Bridgman, winner of the 1946 Nobel Prize for his studies of the physics
of high pressures.

/

P. Bridgman, 1882-1961




ARTIFIGIAL DIAMONI,. (VY

A (surprising) alternative to high pressure and temperature production:very low pressure and (relatively) low temperature

Vapour phase deposition (CVD)

-

H> + CHg4

&

T = 700-900°C

/
x CVD: 'condensation’ of carbon in diamond form from a 'hot’ plasma to a 'cold’ substrate
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ELSC™ Series

SC Plate CVD 4.5x4.5mm,

0.50mm thick, P2

General
Single Crystal

145-500-0055

$265.00

ADD TO CART | ISy

EL SC Plate 2.0x2.0mm,

0.50mm thick

Quantum / Radiation Detectors
Single Crystal

145-500-0385

$865.00

CONTACT TO PURCHASE

VIEW

ARTIFICIAL DIAMOND

elementsix.

DE BEERS GROUP

CVD" SHOPPIN

Diamond
Materials
Advanced Diamond Technologies I

Large Area SC Plate CVD \

6.0x6.0mm, 1.2mm thick, pr '

P2 N\

General \\

Single Crystal 3

145-500-0218 \

$2-'] 55.00 CVD diamond plate, CVD diamond disk, polycrystalline,
polycrystalline, polished, 4x4 mm polished, @ =5.0 mm

ADD TO CART |IRYEYY, €80.00 €95.00

EL SC Plate 4.5x4.5mm,

0.50mm thick

Quantum / Radiation Detectors

Single Crystal

145-500-0390

$2,825.00 i T S

CONTACT TO PURCHASE
CVD diamond disk, polycrystalline, CVD diamond plate,

VIEVY polished, @ =10.0 mm polycrystalline, polished, 10x10 mm
\ £480.00 £490.00

P Ar=amann




N DIAMOND

MEV ION INDUCED DAMAGE
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20a0 ] HE™ @ 1800 keV
_ Fluence 107 cm2
e
o 23
Ty 1.5x10% -
§ damage threshold
g 1.0x10* -
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A. Silverman et al., Physical Review B 83, 224206 (2011)
B. A. Fairchild et al., Advanced Materials 24, 2024 (2012)

MEV [ON INDUCED DAMAGE IN DIAMOND
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Below threshold: diamond with Frenkel defects

LXC L AN =

— formation of an amorphous

— diamond

' High fluence implantation
carbon layer where the damage density exceeds a threshold
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Above threshold: amorphous carbon — nanocrystalline graphite
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Significant contributions by Helmut Paul (Ling), Rogé
(c) 1984.1989.1998. 2008, 2012 by J. F. Ziegler, M.D. Z

\

/_




) MEV COLLIMATED 10N BEAM LITHOGRAPRY

Freegianlzli:\g mask - coIIima:tir;n ﬂ Hmm mm HHHH

» laser microfabricated thin metal film (>5um)

Two systems masks

 definition of lateral geometry of electrodes

N\ |/
. 8 - \
\\
N 1 /
vacancy density (vacy-cm“a)

) T

0
0
0
w0

/,,-"'
Variable thickness mask - depth modulation

« Deposition of metal over diamond surface (>5um) ""\

« Control of ion penetration = depth of electrode N

(unf) yydap
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" MEV (OLLIMATED 10N BEAM LITHOGRAPEY

Direct fabrication of graphitic electrodes into diamond crystal

NIV v/ o

Parallel fabrication

Sensor dimensions: up to 20 mm?

Electrodes resolution: 100 — 300 nm

[ A2 ] T i

| High power laser or Focused lon Beam micro/nano
| machined mask for broad MeV ion beam implantation

- Variable thickness mask -




19 What is the best resolution achievable?

* low thickness metal deposition on diamond (<5um)
 FIB milling of metal
* protective layer leaved to avoid diamond superficial damaging

Wml ed metal layer

NOT milled metal layer
implanted ion density (cm™) \ vacancy density (cm™)
g £ = ¥ B g2 2 2 2 °
o < < Q Q Q Q 2 o ) o =) o
g L 1 1 1 1 1 ° o . 'B . 'E"., ) IE . ]
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“Realization 6f a diamond based high a-ensity multi electrode array by méans of deeh&n beam lithograp
F. Picollo, et al., Nuclear Instruments and Method: B 348, (2015) 199-202
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What is the best resolution achievab
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Intensity (arb. units)
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Energy loss (eV)
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) DIAMOND BIOE

diamonds: |mpla tation:
» Chemical Vapour Deposition

. \) thermal/ treatment:
. *Her @ 1.2 Me . 950 °C for 2 hours
* single crystal fluence 1.2 - 1077 cm-2 e ~10-6 mbar

* type lla \ * penetration depth ~2 um

e 45%x4.5x0.5 mm?3 3 | \




0500 ———F——7T——T1T—— T T T T T 1
Current — Voltag- 0_3?5_' Resistance = (5.3 =+ 7.7) kQ
characteristic :
0.250 -
Ohmic conduction g 0.125 -
« Channels resistivity § 0000
comparable with grapp) /8 o125 )
] surface
— -0.375 graphitic channes .
’ 000+ —T7 7
25 20 -15 -10 -05 00 05 10 15 20 25
Voltage (V)
R~6.5kO ~ 1=1400 pm

t=0.20
//// \ all T e

p = RWT't ~ (2.1 £ 0.3) mQ-cm

N polyc\rystalline g’raphite p‘= 1.3 mQ-cm



Preliminary cl

Cyclic voltammetry, -
characterization” :
scans rate =20 mV s ;i—

voltage =-0.5+1.2V

(applied to all electrodes vs.
Ag/AgCl electrode)

Current (nA
o LS S (o] Lo}

Solution #1= Tyrode buffer

Solution #2= Adrealine
[100 mM]

Current (nA)
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Exocytosis detection from substa[/)tia nigra neurons

t,,, (ms) 2.89 £ 0.15

—

Network of substantia nigra neurons
I...x (PA) 374 + 1.5

» Experiment performed after 21 DIV

. Il network threated with L-Dopa for 1 h = | \“—‘
f/ | = increasing of vesicles dimension |\ i v Q (pC) 11+04
| Sti

lation )(Nith KCl solution \./ \



POTENZIALE D'AZIONE DI NEURONI DELLTPPOCAMPO

Hippocampus, = >

Nucleus basalis
of Meynert

Olfactory bulb

. <JOFNA.CRAIG—#D '
Cellule piastrate sul L /]

—.D.

: : dispositivo per 18 giorni

-k Esperimento farmacologico
N V4 '::.,-/
kg 3 i "‘;.:-r . o .
g~ 1= -+ Somministrata TTX (Tetrodotoxin)
—5 2 = ’/ A,\n‘ .
L AP ) g
R OG>



POTENZIALE D'AZIONE DA EETTINA DEL NODO SENOATRIALE

Fettina del nodo senoatriale
con tessuto muscolare residuo

Potenziale |
d'azione

__________
__________________________________________________



100 pV

POTENZIALE D'AZIONE DA FETTINA DEL NODO SENOATRIALE

Tyrode Cadmium . BayK Soluzione salina f~2Hz

5s

(Tyrode) | ~ 300 uv

Soluzione di cadmio
500 uM

Bloccante dei canali del
calcio

f~5Hz
| ~ 600 uV

Migliora la cinetica dei
canali del calcio
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DIAMON) TONTING RADIATION DETECTIR - |

Fig. 2. Schematic diagram of the diamond radiation detector. The detection of

< * Radiation hardness
o
s
S . .
% S * Tissue equivalence
S O
~ Q
> ® . . -
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incident radiation is done by measuring the induced current (charge).
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/

\

Properties Diamond  Silicon GaAs
Density (g/cm®) 3.5 2.33 5.32
Band gap (eV) 5.5 1.12 1.43
Atomic charge 6 14 31.33
Resistivity (Qcm) > 10! 2.3*10° 1*10°
Energy to form e-h pair (eV) 13 3.6 4.2
Electron mobility (cm?V's™") 1800 1350 8500
Hole mobility (em?V 's™1) 1200 480 400
Saturation velocity (mm/ns) 220 82 80
Dielectric constant 5.7 11.9 13.1
Breakdown voltage (V/cm) 107 3*10° 4*10°
Average minimum ionizing particle signal in 3600 9200 13000
100 mm (electrons)
/ ) | =
/ 1500 t + -
[ L Fractional Resolution =24 £2 % |
1o T aL
( * 1
1o T i T
/ ;o dE .E._
,—"v‘, S g % j
/ ’_,,' \ oy At Ak
% ]
30 T * -.--
3965 KeV Si-Equiv. o 1
100 T P IR
4:0000:;’00“ ¥ 010:0000700004
-100 T 1 T T T
— 40 50 55 60 65 70 75 =
Channel Number

Spectrum of a particle (source: 241Am emitting at 5.5 Me
type lla natural diamond, 14.5 um thickness, biased at 10 V.

F.C. Champion, S.B. Wright, Proc. Phys. Soc. 73 (1959) 385

V) from a
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DIAMOND TONIZING RADIATION DETECTOR

\//
35 mm

Med Phys. vol. 37 (7Part1) (2012) 4493 - 4501

8/ Company Product Technology Comments on Features Website/Link

NO

1 Gemtrue Handheld Thermal Conductivity https://www.gemtrue.com,/
Diamond Selector

2 Presidium Gem Diamond Mate Thermal Conductivity Examines loose and mounted https:/Awww.presidium.com.sg/

Instruments Tester diamonds
3 GemOro Ultratester 3 4 Thermal Conductivity Dual testing modes, Compact and https://www.gemoroproducts.com
portable design

4 Yehuda Diamond Yehuda Diamond Proprietary Technology Effective differentiation between https: /swww.yehuda.com/
Tester natural and lab-grown diamonds

5 MIZAR Diamond Tester Electrical Conductivity https:/Awww.ourweigh.co.uk/diamond-testers,/rs-

mizar-prestige-series-ii-diamond-tester. html

& Gemlogis Diamond Tester Thermal Conductivity https:/Awww.gemlogisusa.com,/

7 Gemlogis Master Set Thermal Conductivity, Comprehensive diamond testing set https://www.gemlogisusa.com,/
Diamond Tester Electrical Conductivity

8 Cividec NME Diamond MNuclear Magnetic Highly sensitive and non-destructive https://cividec.at/

Instrumentation Analyzer Resonance (WMR) diamond analysis

9 HDE Portable Diamond  Electrical Conductivity One-button operation for on-the-go
Tester use

10 DigiWeigh Diamond Scale Weight Measurement Precise weighing of diamond https:/Awww.digiweigh-usa.com

11 PTW Dosimetry Diamond Detector lonization Chamber https:/Awww.ptwdosimetry.com/en/

| /
— ‘ ,,///

Epoxy resin

(b)
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Direct (targeted) effect

4, RADIOBIOLOGY =,

necrosis apoptosis
mdlrect 0&00 j - o
action © | :
OH<O o | E
P —_— ,
e «——7T < \ -
>@)< . electron | 5 MN, AC
@ , \ \E (genomic
/ | : repalr mstablllty,
)
: survival

direct

action \>/ W

Branch of biophysics concerned with the effects of ionizing radiation on organisms
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v STANDARD RADIOBIOLOGY TESTS

Micronucleus assay scheme

Comet Assay Procedure

-’ p - i ‘!gl
/ . | nutml\ /
i RN . Giemsa AR Fluorescence /
il ’ \ B9 vith | ( / /' / staining ’fi/j ietaphase '\“F{}ﬁ‘ staining //
histones from the DNA + cytochalasin Bi /.v;wo \c_\'mclmlasm B /
.. ligggj‘ FISH: probing with
L\, o 7
e LS o e9 /
o stures DNA - ” " "!';,“ g ‘_I" X ‘ ‘ Chromosome breakage Chromosome losgs
' - vhich reveals DNA breal M centromere IR er o + ‘
/ ‘ Diamond-based biosensor:
Standard radiobiological expermeint simoultaneous detection of cellular
need to evaluate irradiation effects signals and ionizing radiation dose

only Rl | | ey

v’ study of cell-cell communication phenomena

| /¥ real-time monitoring of cellular activity
b T~ \




0 ACFLL SENSOR

simultanous acquistion

hinl,

— al ! 4 .
particle detection =909 ————ion beam
/
. cell
— | /1 |l . . p—pe—tT 1
i (" o) 100 pA|__ sopA|_ |
channel #3 (F=3.6 10::.-.:) Y 05s 0.03s ‘ \
R e e et o™ e i —
channel ¥6 (F=7.7 10" cm ) = =
channel #7 (F=3.110"em”) ;
&2 3 S Cellular bio-sensors
3 —— graphitic elect.rodes particle detector
- : A blosenSOI' active area
20 H @ @ particle detector
. -100V = ovT
-10 5 0 5 10 I
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Sensitive
electrode
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graphitic
electrodes
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EXPERIMENTAL SET+UP
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