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Motivation
• Advanced accelerators provide higher acceleration gradients but require 

compact electron sources. Diamond field emitter array (DFEA) cathode
is an enabling technology for Dielectric Laser Accelerator (DLA).

• DFEA has μm size pyramids and nm size nanotips.

− High current emission (> 15~20 μA/tip)

− Emission from the nano-scale tips depends on quantum effects

e.g., 𝜆~1-10um

e.g. 10ps UV (4eV, 
0.4mJ/pulse)

Dielectric Laser Accelerator
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This paper reports the results of divergence studies for an electron beam emitted from a single diamond pyramid in a sparse diamond 

field emitter array (DFEA) cathode. At Los Alamos National Laboratory, we fabricate and study DFEAs. DFEA cathodes are arrays 

of micrometer scale diamond pyramids with nanometer scale tips. A single diamond pyramid produces currents as high as 10 μA 

within a small volume. DFEA cathodes are predicted to be a good beam source for compact dielectric laser accelerators. DFEAs 

are fabricated by a mold transfer process and produce electrons by the process of field emission when a high electric field is applied 

to the cathode. For the electron beam divergence experiment, we have designed and assembled a test stand consisting of a DFEA 

cathode, a mesh anode, and a screen. We measured current and the size of the beam on the screen as functions of the distance 

between the cathode and the anode, the size of a pyramid’s base, and applied voltage on the cathode. We also simulated the electron 

beam dynamics with Computer Simulation Technology Studio and General Particle Tracer codes. Experimentally measured 

divergence angles show good agreement with simulations. 

 

I. INTRODUCTION 

Compact dielectric laser accelerators (DLA) have been 

extensively studied in particular in the frame work of the 

accelerator on a chip international program (ACHIP) 

collaboration [1]. The goal of the ACHIP collaboration is to 

demonstrate an “accelerator in a shoebox”. If successful, DLAs 

will find numerous applications in national security, medical 

imaging, and basic research. In recent years, high acceleration 

gradients in excess of several hundred MV/m for relativistic 

electrons have been demonstrated using dielectric grating 

structures [2–6]. 

The DLA consists of three major components: first is an 

electron emitter (cathode), second is a dielectric accelerator 

microstructure, and third is a near-infrared laser with the 

wavelength ( ≥800 nm) that provides electromagnetic energy to 

accelerate the electrons (see detailed explanation in ref. [7]). 

Due to the typical wavelength and dimensions of the structure, 

the cathodes must have nanometer size emitting areas (so-

called needle cathodes) [8,9]. Two examples of the needle 

cathodes are a tungsten wire coated with diamond [10] and a 

silicon tip [11].  
At Los Alamos National Laboratory (LANL), we have 

proposed to use diamond pyramids that are parts of a diamond 

field emitter array (DFEA) cathode as an electron source for a 

DLA [12]. DFEA cathodes have sharp nanometer scale tips 

(nanotips) on top of micrometer scale diamond pyramids. One 

of our fabricated cathode samples, Mo-25, is shown in Fig. 1. 

A diamond cathode (black) in shape of a 5.0 mm square was 

brazed on a polished molybdenum substrate [Fig. 1(a)]. Within 

the diamond square is a 5x5 array of 25 diamond pyramids [Fig. 

1(b)]. Each pyramid has 20 μm base, and the spacing between 

pyramids is 200 μm [Fig. 1(b,c)]. On the top of each pyramid, 

 

FIG. 1. (a) A photograph of a polished molybdenum substrate with brazed diamond cathode. (b) Scanning electron microscope (SEM) image of a 5x5 array of 

diamond pyramids with a 200 μm spacing and (c) SEM image of a single pyramid with a 20 μm base. (d) SEM image of an exquisitely sharp tip on the top of 

the pyramid. 
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Modeling Emission from DFEA 

Transport & Emission 
model for the bulk
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for nano-tip: quantum effect
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Modeling nanotip as a sequence of 
co-axial cylindrical nanowire segments  

𝐸𝑛𝑎(eV)

𝑘𝑧𝑎

• quantum numbers in the 
radial direction 𝛼 = {𝑛, 𝑎}
denote the subbands

• 𝑘𝑧 = longitudinal momentum
• 𝜅𝛼 = radial momentum

• Divergence ratio = 
𝜅𝛼

𝑘𝑧
is 

investigated.
• Goal: To study the transverse 

beam properties, to achieve 
better coherence. 

Piryatinski et al., J. Appl. Phys. 125, 214301 (2019)
Huang et al., J. Appl. Phys. 125, 164501 (2019)

Monte Carlo Transport + Scattering + Tunneling model with band quantization 
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•
𝜅𝛼

𝑘𝑧
decreases when external field 𝐹 increases. The spread of the histograms also decreases. High 

brightness coherent beam.

•
𝜅𝛼

𝑘𝑧
decreases when temperature 𝑇 increases. However, the spread increases because more 

electrons move to higher quantum state 𝑛.

Divergence Ratio – with Phonon Scattering
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Summary 
• Monte Carlo + tunneling model including the quantum effects at the nanotip gives new emission characteristics →

enables high brightness compact electron sources.
• Divergence of the emitted beam depends on applied field, temperature, and initial quantum states.
• In future, this work can be extended to include bulk transport and arbitrary number of nanowire segments.

Divergence Ratio – without Phonon Scattering

• Little energy loss without phonon scattering,
electrons move to higher subbands (higher 𝑎) 
when the applied field 𝐹 is increased.

• Since the initial electron distribution 
(Maxwellian) depends on temperature, the 
spread of 𝑓(𝜅𝛼/𝑘𝑧) varies a little with 
temperature too.
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