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Ultra-nano-crystalline dramond

Microcrystalline: Nanocrystalline: UNCD:
dia. grain 2500 nm dia. grain 10-200 nm dia. grain <10 nm
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MRS Bulletin 35, 281 (2010); Proc. SPIE 7679, 76791N (2010)




Importance of grain boundaries

Field- and photo- emission data is consistent:
sp? grain boundaries (GBs) emit electrons
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PRB 60, 16135 (1999);Carbon 94, 386 (2015)

Electron transport is also through sp? GBs:

m*=1/18m,
PRB 82, 184206 (2010)




(N)UNCD synthesis and basic characterization

Microwave-assisted plasma chemical vapor deposition: DSS@Z 45 GHz, the queen mother of MWCVD systems
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(N)UNCD viewed by SEM, Raman and electrical measurements
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Beyond Dowell-Schmerge law

Anti-Dowell photocathode (coined by WA Schroeder):
high increasing QE and low decreasing MTE is a route to brighter photocathodes
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Field emission projection microscope

Microscope
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Baturin and Baryshev, Rev. Sci. Instrum. 88, 033701 (2017)




Current density saturation In (N)UNCD

~ In planar uniform (N)UNCD, field emission is not
MoSS NiMoSS1 uniform

105 A @976 V. 493 LA @ 1100 V

~ Semi-metallic (N)UNCD saturates similarly to
semiconductors

~ Saturation is ~100 mA/cm? is specific to (N)UNCD,
regardless of substrate
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941 JA @ 720 V
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Chubenko et al., ACS Appl. Mater. Interfaces 9, 33229 (2017)




Band structure, SBLF formalism and transport
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Describing saturation: theory vs. experiment

TABLE IIl. Parameters used to calculate FE characteristics of (N)UNCD films.

Parameter Value References
Egy (eV) 5.45 58
E. ... (eV) 2.1 63
w (eV) 0.53 63
E. (eV) 6.5 58
E{} (EV) 068 58
B, (cm™1) 2.5 % 10° 63
B, (cm eV 1/?) 1.5 x 10° 58
Ho (em?V~'s™h 1.5 52
Fo (Vem ™) 10*

Lioe (A) 10 48
K 45 48
¢, eV 3.6 66

TABLE lIl. Dependence of electronic and FE characteristics of (N)UNCD on the localization length Lyg,.

Lioe =5A Lioc = 10A Ligc = 20A Lioc = 40 A Lioc = 60 A
g(Ep) (eV'em™) 1.218 x 10%° 4.306 x 10% 1.522 % 10" 5.383 x 10'8 2.930 x 10'®
g(Ex) (eV'em ™) 8.619 x 10% 3.047 x 10% 1.077 % 10%° 3.809 x 10" 2.073 x 10
n(yy) (em™) 4.901 x 10'® 1.733 x 1018 6.126 x 10Y7 2.166 x 10" 1.179 x 10Y
1(0) (em™3) 1.089 x 10% 3.849 x 10% 1.361 x 10%° 4.811 x 10" 2.619 x 10
B ~1850 ~1170 ~800 ~560 ~440
Jsat [y (Acm™?) ~3 % 107 ~7 % 108 ~2 % 105 ~5 3 10° ~2 % 10°
Jsat |y 7y (Acm™?) ~6 % 10° ~1.8 x 10° ~5 x 10* ~1.6 x 10* ~8 x 10°

Chubenko et al., JAP
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“Conditioning” and mmaging at ACT/AWA
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Shao et al., arXiv: 1907.08582 (2019)




“Conditioning” physics
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Blue light from (N)UNCD

Side-view into the gap ITO YAG SEM




sp? content of UNCD versus emissivity

All samples
~100 pA@1 kV

Baturin et al., J. Phys. D: Appl.
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Self-i1nduced, self-stabilized glow discharge
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Baturin et al., J. Phys. D: Appl. Phys. 52, 325301 (2019)




Two estimations on temperature

Phase diagram
(T>~3,500 K)
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Third temperature estimation

VoLUME 13, NUMBER 13 PHYSICAL REVIEW LETTERS 28 SEPTEMBER 1964

NOTTINGHAM EFFECT IN FIELD AND T-F EMISSION: HEATING AND COOLING DOMAINS,
AND INVERSION TEMPERATURE

F. M. Charbonnier, R. W. Strayer, L. W. Swanson, and E. E. Martin
Field Emission Corporation, McMinnville, Oregon
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KEK/CERN mmplications: breakdown/arc/discharge

All temperatures at breakdown locations are >1,300 K

Phys.
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Rev. Accel. Beams 21, 122002(2018)

Thermally driven cathodic plasma forms discharge/arc
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J. Phys. D: Appl. Phys. 51, 225203 (2018);
Sci. Rep. 9, 7814 (2019)
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