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What type of electron source is needed for
dielectric laser accelerators?
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Field emission in DFEAs Photoemission
• 0.1 mA per 10 μm square
• 100 A/cm2 

• UV laser 193 nm (6.4 eV),
200 mJ/pulse (20 ns).

• Focus down to 5 mm x 5 mm.
• 40 W in 10µm x 10µm (4*1019 photons/s).
• With QE ~10-3 we get 4*1016

electrons/emitting surface/s, or
• 3 mA per 10 μm square
• 3*103 A/cm2

Small and well defined emission spot
High current
Photo-gated source
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Photoemission from flat diamond:
our data in agreement with existing reports
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From Photoemission to Field Emission
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Field Assisted Photoemission:
Metals & Semiconductors
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Field Assisted Photoemission from DFEA:
existing studies
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J. M. Garguilo et al., Thermionic field 
emission from nanocrystalline diamond-
coated silicon tip arrays, Phys Rev B 72, 
165404 (2005)

A PEEM image of the UNCD coated tip 
array at room temperature. Emission is 
evident from both the flat areas of the
sample and the tipped structures.
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QE measurements scheme in electric fields up to 
~3 MV/m
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Anode 
(mesh)

Cathode 
(DFEA)

~250 µm E = 650V/250 µm = 2.6 MV/m

Lock-in amplifier

Amplitude-
modulated 
monochromatic 
light

Reference f

Differential
input
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Field assisted photoemission setup
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Camera w/telephoto 
lens @ infinity

XYZ stage 
w/micrometers Microscope objective 

with large (3 cm) 
working distance, 
shallow (3 µm) depth of 
focus.

Quartz 
optical 
viewport

2-axis tilt flange 
w/micrometers

Linear actuator 
w/micrometer

Anode & 
cathode 
inside 
chamber

Battery 
box

Xe lamp,
optical chopper, 
monochromator

Imaging 
lens

Cathode  
position 
adjusters
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Measurements results:
spectral response
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Measurements results:
photoemission threshold
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Conclusions / Future Plans
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• Experimental results indicate enhanced photoemission from relatively dense 
DFEAs, as compared to flat nanocrystalline diamond

• x3 enhancement of photoemission QE near the threshold in electric fields
~1 MV/m is observed in both flat and DFEA-patterned diamond samples, but the 
mechanism of enhancement is unclear

• Photoexcitation of individual tips with focused laser light is the next step to obtain 
quantitative QE data in high electric fields
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Supplement:
Power Calibration of the Tunable UV Light Source

Slide 13

• Critical step for accurate 
quantum efficiency 
calculation

• Most of the “white” 
background is at 250+ nm, 
where diamond 
photocathodes are “blind”
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Supplement:
Anode-Cathode alignment
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XYZ stage 
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viewport’s outside 
surface
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Supplement:
Alignment of anode mesh vs sample plane 
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DFEA cathode approx. 250 µm behind anode mesh

DFEA in focus Anode mesh in focus
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Supplement:
Illumination Spot on DFEA pattern
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Output slit of 
monochromator projected 
onto DFEA patterned area
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Supplement:
Correction for 200 nm light
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Lensmaker’s Equation

75 mm FL lens will 
perform 
approximately as a 
60 mm FL lens 
around 200 nm
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