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A. T. Fontenla
(MeVArc 2021)

Microscopy investigation
of the surface behaviour
of different materials after
H- irradiation in different
conditions
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Part | — Experimental Study

The process of formation of blistering seems to occurs in the

two different grains, at the depth between 260-280 nm. Middle fase of development Discussion concerning the
With a slower development on the blue grain 111. with small agglomerations of
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Study of vacuum high-gradient breakdowns from the ion-modified surface of copper electrodes
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Potential barrier model

v h is the depth of the nanoscale void
in the metal surface layer

v d is the diameter of the nanoscale
void

v’y is the electron affinity for the
dielectric

v" C is the height of the potential barrier

Metal Volia Vacuum

Schematic representation of the potential barrier for the metal-dielectric-metal-vacuum system




Transmission coefficient

o Imposing the conditions of continuity of the wave function at the metal-dielectric, dielectric
metal, and metal-vacuum boundaries and using typical values of the metal yield work and electric
field strength allows us to obtain an analytical expression for the transparency coefficient of the

potential barrier:

o where ¥ = /C — W sin(ah) + cos(ah) Ve, A =VC —W cos(ah) — sin(ah) ¢, a = kVW, B=k,/C—x—W, k = @

5 . . Ca A_B __ 2mh .
The condition of maximum: h = . 2n+1),25 = N 0,1,2,.. 10
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Agreement with numerical calculations
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Comparison of the numerical calculations and the analytical formula: a) the dependence of the tunnelling
coefficient of the potential barrier on the electron energy b) the field emission current
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FEE current VS nanovoid depth and size
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Comparison of the values of the field emission current density jmoq and jr_n depending on d and h: a) for
h=0+1 nm; b) for h=0+10 nm
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FEE current VS nanovoid depth and size
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Comparison of the values of the field emission current density jmoq and jr_yn depending on the electron affinity
for the dielectric y with constant d: a) for h=0+1 nm, b) for h=0+10 nm ] 3




A color map of the
dependence of the
current from the
modified surface
expressed in units of
Fowler-Nordheim
current as a function of
the size of the vacuum
gap d and the thickness
of the metal layer h at a
constant value of the
local electric field
strength E;,. = 5% /m.
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The figures show the result of the numerical calculation of the field emission current density expressed in units of
current from an ideal surface in the case when the affinity energy y=1, 2 and 3 eV. The figure shows that the current
1s indeed resonant. It is also worth noting that in the case when the defect size is d>0.2-0.3 nm, a decrease in the
field electron emission current will be observed regardless of the depth of their occurrence. At the same time, with
the increase of the affinity energy, the resonance region increases.
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Conclusions

o It 1s shown that the field emission current from the metal surface near nanopores

has a vibrational resonance feature. The resonance condition is determined by the

depth of the nanoscale void from the metal surface, which 1s a multiple of h = %B.

o It was found that when the resonance conditions are met, the density of the field
emission current from the copper surface increases by more than 3 times compared
to the current from the unmodified surface.

o In the case of non-resonant conditions or an increase in the diameter of the
nanopores, the current density decreases to almost zero.

o The surface modification, which leads to the formation of nanopores in the near-
surface layer of the material, may indeed be one of the ways to increase the
resistance of materials of accelerator structures to breakdowns. The results are in
good agreement with the experiment.




Thank you for your atteniion!




	Theory of field emission through dielectric pores in the metal surface layer
	Institute of Applied Physics, National Academy of Sciences of Ukraine
	Institute of Applied Physics, National Academy of Sciences of Ukraine
	Flyura Djurabekova (MeVArc 2013)
	A. T. Fontenlа (MeVArc 2021)
	CATARINA SERAFIM �(Mini MeVArc 2023)
	Ion implantation at IAP NASU
	Ion implantation at IAP NASU
	Potential barrier model
	Transmission coefficient
	Agreement with numerical calculations
	FEE current VS nanovoid depth and size
	FEE current VS nanovoid depth and size
	Номер слайду 14
	Номер слайду 15
	Conclusions
	Номер слайду 17

