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02 Introduction to CNT electron sources : Field emission (cold cathodes)

CNT : Carbon nanotubes

We are developing X-ray tubes for applications requiring pulsed
operation, with pulse widths on the order of a few hundred

microseconds.
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Obtaining significant emission current density (J) on metallic surface imposes to induce an

extremely high electric field E (~V/nm)
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02 Introduction to CNT electron sources : Carbon nanotubes as field emitters

Multi-wall carbon nanotubes : Metallic
tips with a high aspect ratio

Tip effect Ideal field emitter described by Utsumi

=1 =06 =018 1=0.086 1=0.025

Ftip = LFext [Utsumi1991]
F : electric Field
B : enhancement fator

One single MWCNT : ~100 pA

[Minoux2005]
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02 Infroduction to CNT electron sources : Carbon nanotubes as field emitters
Multi-wall carbon nanotubes : Metallic

Ideal field emitter described by Utsumi . ) . .
tips with a high aspect ratio

Tip effect

=1 =06 =018 1=0.086 1=0.025
®
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Ftip = LFext [Utsumi1991]
F : electric Field

B : enhancement fator
One single MWCNT : ~100 A

[Minoux2005]

Ideal CNT array

* MWCNT
« Carbon nanotubes vertically aligned - PECVD

+ Diameter and height confrolled
* Balance between the number of emitters and the effective field-

enhancement factor

Need of CNT array to
obtain useful cathode
current densities :
electrostatic screening

[ |
) effective field-
emitter /\ /\ enhancement

densify I J factor

[Milne and al.2004]

[Utsumi1991]: T. Utsumi, IEEE Transactions on Electron Devices, 38(10), 2276-2283 (1991)
[Milne and al. 2004]: J. Mater. Chem. (2004) 14 (6): 933-943
[Minouxand al. 2005]: Nano Lett., 5(11), 2135-2138 (2005)
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03 cathode fabrication and I(V) characterization > > 1 A / cm?

> Fabrication Plasma-enhanced chemical vapor deposition (PECVD)

The substrate
Emission surface : few mm?

Nucleation

Plots Ni
TiN
Si - Subsiray
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03 cathode fabrication and I(V) characterization > > 1 A / cm?

> Fabrication Plasma-enhanced chemical vapor deposition (PECVD)

The substrate
Emission surface : few mm?

Nucleation

Ni

TiN

Si (100) N+ —— Substg

Fowler-Nordheim

> Characterization

Current regulation mode : Bias adapted to
correct the current setpoint

Dynamic Vacuum conditions : ultra-high ’ |

vacuum (UHV) ~1 x 107 mbar

log (J/F?)

1/F
Vanode T

Current density

Distance between cathode-anode : few
hundreds um

Pulses widths : hundred us

Electric field
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3 Cathode fabrication and I(V) characterization > > 1 A / cm?

Plasma-enhanced chemical vapor deposition (PECVD) enables precise control over the growth,
morphology, and electrical emission properties of CNT arrays

Maximal Current Measurements until
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The fabrication process from substrate to characterization allows us to obtain density

currents above 1 A/cm?
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04 Failure modes

> Failure modes observed after emission
» Joule heating

»  Electrical arcing and discharge

> Defaults
»  Contact failure between CNT and substrate

»  Structure imperfections
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05 Electron gun CNT based : Ageing results

> CNT integration on an electron gun > Electron gun ageing results

. Grid as electrode extraction »  Stressful lifetime test : twice product current

Electron gun cross-section . Electron Gun 1
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Lifetime > 1x107 pulses
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06 X-ray sources

> Focal spot

Electron emission X-ray . Thermionic cathode :
_T Window — non homogenous
/ focal spot
Cathode >
CNT .
® —_—
Grid - Acceleration
' V | » Cold cathode :
ace carbon nanotubes
— Squared top-hat
> Pulsed emission focal spof
.. . - | d tial
»  Emission pulse width : few hundreds ps Mprovea spatd

resolution

» - X-ray commutability — Pulsed emission

X-rays sources with improved spatial resolution in pulsed emission mode
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07 Conclusions
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