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Carbon Nanotube (CNT) properties
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CNT Based Cold cathodes

Room temperature
No Ultra-High Vacuum (107 - 10-° mbar)
Low threshold electric fields
= Potentials for miniaturization
= Vacuum microelectronics (nanotriodes, hanoklystron)

Fast response time
= High-frequency applications (>1 THz)
s Efficient electron beams bunching

Highly collimated beams

Narrow Energy Spectrum of electrons
= Electron microscopy
= X-ray microscopy

Covalent crystalline structure

Chemical inertness
s Harsh work conditions




MicroWave Plasma Enhanced CVD

(MWPECVD)




Nanomaterials synthesized

Doped diamond films

Diamond Nanocones
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Carbon Nanotubes (CNT)

CNT + Nanodiamond

TiO, coated CNT

CNT in Al,O; template




Single Wall Carbon Nanotubes (SWCNT)

Substrate: Si/SiO,

Catalyst: Fe/Ni
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SWCNT coated wires and tips

Wires of W (& = 300 um), Ta (@ = 300 ym), Steel (J = 300 pym)
W tips (@ = 100 pm)

15.8kV X150

2£68.8kV =35.8EK S5 nm




Field Emission set-up (1/2)

Spherical probe (anode)
Planar sample (cathode)

Linear actuator

|| = Picoammeter Resolution : 10 fA

= Protection ballast resistor : 100 MQ

= Linear actuator accuracy: 0.1 um

= Distance measured by a capacimetric
method




Field Emission set-up (2/2)

SWCNT coated wire/tip (cathode)
Planar anode

Vacuum Chamber

picoammeter
anode
o | [ \H

=

Linear actuator

77

cathode

Turbo-molecular pump | m Pr.essurue: 10—6 L 10—8 mbara
= Max applied voltage: 2 kV
Rotative pump = Picoammeter Resolution: 10 fA

= Protection ballast resistor : 100 MQ

= Distance: ~ 1 mm




Aligned SWCNT on planar substrates
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Dependence on morphology
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i B, = 572
d, = 55 um

Fowler-Nordheim behavior (slight deviation at highest fields)
Threshold Electric fields (I=1nA): 10 - 40 V/um

B, =10 B, (screening effect)




Dependence on support geometry

Planar anode
Wires diameter: 100-300 um

900,00n
—&— SWNT grown on a Wire-like substrate

® - SWNT grown on a planar substrate
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5-4888 28.8kV X35.8K 857nm

Planar supports vs. SWCNT coated needles

f increased by one order of magnitude: >103
Threshold field (I = 1 nA) reduced by one order of magnitude




Hybrid CNT-nanodiamond structures
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iO, coated CNT
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Nanoporous Al,O; tfemplate

CNTs grown inside the nanopores and
exposed by partial template etching




CNTs in nanoporous Al,O; template
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Work in Progress...

Electron sources for plasma reactors and
Electron-Cyclotron-Resonance Ion Sources
(INFN-CANTES project)

Miniaturized X-ray high resolution sources
(NANORAY project, FP7-SME-2007)
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N2 -doped nanodiamond Film

Emission from different regions
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= FNJE1634d
=  FNJE1644s
= FNJE1654d
= FNJE1708d
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E(1InA) = 20 V/um

Current at different voltages



