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A computer model in CST Studio Suite has been developed to evaluate several novel geometrically enhanced
photocathode designs. This work was aimed at identifying a structure that would increase the total electron
yield by a factor of two or greater in the 1-30 keV range. The modeling software was used to simulate the
electric field and generate particle tracking for several potential structures. The final photocathode structure
has been tailored to meet a set of detector performance requirements, namely a spatial resolution of <40 um
and a temporal spread of < 1 ps. This poster presents the details of the geometrically enhanced photocathode
model and resulting static field and electron emission characteristics.

I. OVERVIEW

X-ray detectors, such as time dilation cameras and streak
cameras are widely used in many applications ranging from laser
driven plasma imaging to radiography and diffraction
measurements. Recent advances in radiography have extended
the imaging range well above 10 keV, and there is a significant
need for an efficient photocathode in the in the spectral energy
range from 1-30 keV. There have been a limited number of
studies using structured photocathodes® 2, however up to date no
reliable photocathode has been produced.

Detector efficiency and performance in the hard X-ray range
is largely limited by the total quantum electron yield (TEY) and
secondary electron kinetic energy distribution®®, Most X-ray
detectors operate at normal incidence, i.e. X-ray photons are at a
90° incidence angle to the photocathode, and suffer a loss in
quantum efficiency at energies greater than 5 KkeV.
Improvements in yield of up to 20 times 7, have been shown to
occur in grazing incidence geometry, due to a larger path length
of the x-ray photons which better matches the secondary electron
escape depth within the photocathode material &2,

This work describes the details and results of a simulation
used to identify a set of potential photocathode designs that
leverage the grazing incidence geometry yield improvements,
through the introduction of pillars or cavities to the photocathode
substrate surface. The final structure consisted of a substrate
with recessed cones of variable diameter and depth and showed a
total yield improvement of ~2 times, without any significant
compromise in spatial or temporal resolution.

. THEORY AND COMPUTER SIMULATION
DETAILS

The X-ray yield increase seen at grazing incidence has been
verified experimentally’, and a model has been developed by
Fraser et. al, which accurately predicts the increase in total
electron yield (TEY) as a function of angle of incidence and
photon energy for the majority of commonly used
photocathodes®.
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Assuming that the measured TEY consists mostly of
secondary electrons®®, and that the fluorescent decay of the
photoelectron is negligible &, it can be shown that for a X-ray of
energy E, incident onto a photocathode of thickness T at an angle

a, the secondary photocurrent, (Xc)s is given by °:
(£0)s =[1-R@1P,(0E,& " 1+ )Y (T)
Where 8 = (ucoseca'l,)™, R(@ is the Fresnel reflectivity

coefficient and o' is the angle of refraction of the X-ray beam.
P4(0) is the secondary electron escape probability, € is the energy
needed to promote and electron above the valence band and
escape into vacuum, W is the linear absorption coefficient, f is the
fraction of X-ray energy available for generation of secondary
electrons, L is the secondary electron escape length, and Y(T) is
the relative yield-versus-thickness function
Y(T) =1-exp[—(ucoseca’ + L)T]- This  simplified
equation was used to determine the expected yield as a function
of angle and X-ray energy for Csl and Au. The resulting TEY is
plotted as a function of energy in Figure 1. A structure wall
angle of 10 -15 degrees was chosen based on these results.

A computer simulation, in CST Studio Suite ** was used to
identify a structure that would satisfy several X-ray detector
performance requirements: Spatial resolution of 40 microns or
better and a temporal resolution of 1-10 ps. The resulting field
gradient, electron trajectories, energies, velocities and angular
distributions were simulated using this technology. The model
was also used to predict the performance of two photocathode
materials, Csl and Au by choosing the appropriate secondary
electron energy and angular distributions **.  The simulations
were performed for a cathode to mesh gap of 1mm with electric
field ranging from 3125 V/mm to 10000 V/mm. All results
presented in the paper had a 3125 VV/mm field, which is used in
the Dilation X-ray Imager (DIX1)** . A resulting electric field
simulation of the recessed cone geometry is shown in Figure 2.
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FIG. 1. Total Electron Yield as a function of angle of incidence
and X-ray energy for the 1-30 keV energy range for Au and Csl
photocathode materials.

lll. RESULTS AND DISCUSSION

The detector performance requirements used for the
qualification of the photocathode design presented in this work
are derived from instruments which utilize micro-channel plates
as imagers or have complex imaging systems. Hence, any
contribution to the spatial and temporal resolution from the
secondary electron distribution in the acceleration gap region
(cathode to mesh anode) of these cameras has been assumed to be
minimal and ignored. Geometrically enhanced photocathodes do
introduce a sizeable spatial and temporal spread to the electron
distribution, which depend on the structure depth and diameter.
CST was used to fully simulate the temporal, spatial and angular
spread of electrons that are generated at the structured
photocathode surface and leave the acceleration region and
compared to the nominal detector requirements.

FIG. 2. CST suite field gradient simulation for recessed cone
geometry for structures that are 6 um in diameter and 3 um deep.

The spatial resolution of the recessed cone photocathode is
limited by the trajectory of electrons generated at the cone walls.
See Figure 3. These electrons follow parabolic paths with a final
resolution element radius that depends on the photocathode
material, along with the diameter and angle of the structure. A
small degradation in spatial resolution was seen when comparing

the performance of Csl to that of Au, due to a difference in the
initial kinetic energy of the electrons generated at the
photocathode surface. The smallest radius and depth was set by
the strength of the field gradient within the cavity, this
corresponded to a diameter of 4 um and depth of 2 um and
corresponded to a spatial resolution element of ~40 um at the
output of the acceleration gap region, see Figure 4. Smaller
spatial resolution is possible by choosing an appropriate diameter
to depth ratio of the cavity.

FIG. 3. The resulting spatial resolution element as set by the
recessed cone structure parameters.
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FIG. 4. The dependence of the spatial resolution on the outer
diameter of the recessed cavity structure.

The temporal resolution of the recessed cone photocathode
showed a dependence on the cavity depth, and the angle of the
cavity walls. The largest contributor to the temporal spread
comes from electrons generated at the cavity bottom. A temporal
difference of 980 fs was calculated for a structure with a depth of
3 um, and a wall angle of 15 degrees. Increasing the cavity
depth, reduced the field gradient within the cavity and had the
effect of increasing the temporal spread in the emitted electron
distribution.  The current photocathode design is within the
temporal resolution of many x-ray detectors, with a ~1 ps record
resolution.

The recessed cone geometry showed a small increase in the
angular divergence of the electron distribution at the exit plane of
the acceleration region when compared to a planar photocathode.



A 5 mrad angular spread was seen for a planar photocathode, in
comparison to a 25 mrad for an electrons emitted from the
structured photocathode. This small effect should not degrade
the spatial resolution of most detectors, however should be
simulated for a full detector performance study.

The total electron vyield emitted from the structured
photocathode is the sum of the yield from the planar
photocathode regions and from the angled surfaces which provide
the vyield enhancement. The predicted enhanced yield
contribution is calculated for a projected surface area onto the top
planar surface. The sum total for the structured photocathode
resolution element is then compared to the total electron yield
from a standard planar photocathode. The calculated yield
increase for a set of structured photocathode parameters is listed
in Table 1. The total yield increase for our design is on the order
of 2 times, which is largely driven by the spatial and temporal
resolution requirements of a given X-ray detector. It is
conceivable that an increase as large as four times, however this
will degrade the temporal performance of the photocathode. A
recessed pyramid structure, which has a slightly better yield
performance, has also been considered. The final prototype
design will be set by ease of etching of our substrate material.

TABLE 1. List of photocathode structure types, parameters and
the expected total electron yield at 14 keV.

Incidence Diameter Height Au Csl

Geometry Angle pm pm TEY TEY
Cone 15 6 3 176 177
Pyramid 15 6 3 185 1.85
Cone 15 4 2 166 1.67
Pyramid 15 4 2 174 174
Cone 10 6 3 1.88 1.87
Pyramid 10 6 3 212 211
Cone 10 4 2 177 176
Pyramid 10 4 2 197 197

V. CONCLUSIONS

A computer model has been developed for the purpose of
identifying a geometrically enhanced photocathode structure that
withstands a high field gradient, has a spatial resolution of ~40
um or better and temporal resolution that is smaller than ~1 ps.
The structure utilized the near grazing incidence effect to
increase the total electron yield from Au and Csl photocathodes
in the 1-30 keV range. Recessed cone geometry was identified as
a potential photocathode design, and the CST model has proven
to be a flexible and useful tool for future photocathode design.
The results of this study will be used to build and test a prototype,
and the topic of future publications.
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