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Microcrystalline:
dia. grain ≥500 nm

Nanocrystalline:
dia. grain 10-200 nm

UNCD:
dia. grain ≤10 nm

MRS Bulletin 35, 281 (2010); Proc. SPIE 7679, 76791N (2010)

UNCD:
grain ≤10 nm

Ultra-nano-crystalline diamond



Importance of grain boundaries

Field- and photo- emission data is consistent:
sp2 grain boundaries (GBs) emit electrons

PRB 60, 16135 (1999);Carbon 94, 386 (2015)

Electron transport is also through sp2 GBs:
m* ≈ 1/18m0
PRB 82, 184206 (2010)



(N)UNCD synthesis and basic characterization
Microwave-assisted plasma chemical vapor deposition: DS5@2.45 GHz, the queen mother of MWCVD systems

(N)UNCD viewed by SEM, Raman and electrical measurements



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

Beyond Dowell-Schmerge law



Field emission projection microscope

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

(a)



Current density saturation in (N)UNCD
~ In planar uniform (N)UNCD, field emission is not 
uniform

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

~ Saturation is ~100 mA/cm2 is specific to (N)UNCD, 
regardless of substrate

Chubenko et al., ACS Appl. Mater. Interfaces 9, 33229 (2017)



Chubenko et al., JAP 125, 205303 (2019)

Band structure, SBLF formalism and transport

Poisson

Stratton



Describing saturation: theory vs. experiment

image process

266 meV 0.9°

Child-Langmuir

Chubenko et al., JAP 125, 205303 (2019)



“Conditioning” and imaging at ACT/AWA

Shao et al., arXiv: 1907.08582 (2019)



“Conditioning” physics

Shao et al., arXiv: 1907.08582 (2019)



Blue light from (N)UNCD

ITO YAG SEMSide-view into the gap



sp2 content of UNCD versus emissivity

All samples
~100 μA@1 kV

Baturin et al., J. Phys. D: Appl. Phys. 52, 325301 (2019) 



Vacuum ~10-9 Torr
Front-view Side-view

Baturin et al., J. Phys. D: Appl. Phys. 52, 325301 (2019) 

Self-induced, self-stabilized glow discharge



Two estimations on temperature
Phase diagram
(T>~3,500 K)

Diamond-to-graphite
(T>~2,000 K)

Baturin et al., J. Phys. D: Appl. Phys. 52, doi:10.1088/1361-6463/ab2183 (2019) 



Third temperature estimation

unstable 4,500 K
(meff~1/18m)

stable 2,000 K
(meff~1/2m)



KEK/CERN implications: breakdown/arc/discharge
All temperatures at breakdown locations are >1,300 K 

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

Thermally driven cathodic plasma forms discharge/arc

J. Phys. D: Appl. Phys. 51, 225203 (2018);
Sci. Rep. 9, 7814 (2019)
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