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Field Emission

I The emission depends
fundamentally on the quantum
mechanical principle of tunneling
[1, 2]

I The rate of electron emission from
metals based on this principle was
first derived by Fowler and
Nordheim and is given by:

j = A(φ)[βeE]2 e
−B(φ)
βeE [1] (1)
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I The emission is gated by the
applied electric field
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Field enhancement
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I High electric fields are required to obtain field emission
I The electric field near sharp geometries is enhanced
I The enhancement factor is defined as β = E/Eo where E is the electric field

near the tip and Eo = V/d as in a parallel plate capacitor.
I The enhancement of FE tips depend on their length, tip radius, height and for

an array of tips, their spacing.
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DC gun test stand at NIU

pA

FE cathode

Cathode mount

Cylindrical insulator Cylindrical insulator

Anode

HV

Cathode support

6 / 20



Silicon Field Emission cathode
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Silicon coated UNCD and plannar UNCD

I Silicon FE array
I Silicon coated UNCD
I plannar UNCD
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Silicon coated UNCD and plannar UNCD

Si-UNCD
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Silicon coated UNCD and plannar UNCD

Table: Field-enhancement factor β and
effective emission area Ae for FEA and
planar cathodes. The quantities β and
Ae are written as Y ± χ ± η. The
uncertainty χ correspond only include
current variation while η also
incorporates uncertainty in the work
function φ = 4.9 ± 1.0 eV propagated
through the analysis.[3]

sample spacing β Ae

(µm) 10−16 (m2)
FEA ↑ 200 355 ± 11 ±109 1.6 ± 0.5 ±0.72
FEA ↓ 200 411± 10 ±126 0.31 ± 0.065 ± 0.12
FEA ↑ 300 427 ± 6 ± 131 3.2 ± 0.42 ±1.1
FEA ↓ 300 463 ± 3 ± 142 1.3 ± 0.07 ± 0.4
planar ↑ 200 352 ± 6 ± 108 0.56 ± 0.09 ± 0.19
planar ↓ 200 323 ± 6 ± 99 0.96 ± 0.16 ± 0.34
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Ic and Ec are free fitting parameters
[4]

β(φ) = 6.53× 109 φ
1.5

Ec
(3)
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Design for a new DC gun [5]
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PIC simulations [6]
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Conduction cooled Electron gun
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New Si cathodes, and future plans

I New cathodes are currently being produced by our collaborators at NIU and
ANL.

I Bare Si cathodes, different coating for Si-UNCD and plannar UNCD will be
tested as well.

I Pending the DC gun results some of these cathodes will be tested in RF gun.
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ACT-AWA [7]
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ACT-AWA

I Setting up a model in WARP for the ACT-beamline.
I Modeling of FE cathodes using this model.
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Conclusion and Question

I New DC gun will be operational soon.
I New cathodes are already being tested and it is showing promising results

(β ∼ 900).
I These cathodes will be tested at ACT provided showing good results in the DC

stand.
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Thank you for your intention

18 / 20



Bibliography I

R. H. Fowler and L. Nordheim, “Electron emission in intense electric fields,” in
Proc. of the Royal Society of London A, vol. 119, pp. 173–181, The Royal
Society, 1928.

P. Piot et al., “Operation of an ungated diamond field-emission array cathode
in a l-band radiofrequency electron source,” Appl. Phys. Lett., vol. 104,
p. 263504, 2014.

O. Mohsen, R. Divan, V. Korampally, A. Lueangaramwong, P. Piot,
A. Sumant, and S. Valluri, “Performances of silicon-based field-emission
cathodes coated with ultranano crystalline diamond,” in 10th Int. Partile
Accelerator Conf.(IPAC’19), Melbourne, Australia, 19-24 May 2019,
pp. 2117–2120, JACOW Publishing, Geneva, Switzerland, 2019.

R. Huang, D. Filippetto, C. Papadopoulos, H. Qian, F. Sannibale, and
M. Zolotorev, “Dark current studies on a normal-conducting high-brightness
very-high-frequency electron gun operating in continuous wave mode,” Phys.
Rev. Spec. Top. Accel. Beams, vol. 18, no. 1, p. 013401, 2015.

A. Lueangaramwong, O. Mohsen, and P. Piot, “Design of the low-energy dc
gun for field-emission cathode investigation,” in 2018 IEEE Advanced
Accelerator Concepts Workshop (AAC), pp. 1–4, IEEE, 2018.

19 / 20



Bibliography II

A. Friedman, R. H. Cohen, D. P. Grote, S. M. Lund, W. M. Sharp, J.-L. Vay,
I. Haber, and R. A. Kishek, “Computational methods in the warp code
framework for kinetic simulations of particle beams and plasmas,” IEEE
Transactions on Plasma Science, vol. 42, no. 5, pp. 1321–1334, 2014.

J. Shao, M. Schneider, G. Chen, T. Nikhar, K. K. Kovi, L. Spentzouris,
E. Wisniewski, J. Power, M. Conde, W. Liu, et al., “Systematic benchmarking
of planar nitrogen-incorporated ultrananocrystalline diamond field emission
electron source: rf conditioning and beam spatio-temporal characteristics,”
arXiv preprint arXiv:1907.08582, 2019.

20 / 20


	Introduction
	Acknowledgment

	FE activities at NIU
	FE activity at FermiLab
	Future plans, new cathodes 
	Conclusion and Question

