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Abstract

To reduce dark currents from the grided thermionic electron gun of SPring-8 Linear Accelerator, cathode assemblies
with two kinds of newly-designed grids have been developed. The two were a molybdenum perforated grid with a titanium
coating of 0.5um in thickness, and an electro-polished molybdenum perforated grid, respectively. Dark current from
the two newly-developed cathode assemblies and the commercial cathode assembly (Y-845, Communications & Power
Industries LLC) which has been employed as the electron emitter of the gun, was measured using a dedicated measuring
chamber. The chamber had a movable copper anode disk facing a mounted cathode assembly and consequently realized
the same electric field on the grid surface under ultra high vacuum as that of the real electron gun. Dark current from the
cathode assembly with the electro-polished grid was not detected during initial five hours after electric field of 3MV/m in
magnitude was applied on the grid. However, once the dark current generated, the dark current increased monotonously
up to 8.5 x 1078A in 21 hours. Dark current from the cathode assembly with the titanium-coated grid was smaller after
the elapse of seven hours than that from the cathode assembly with the electro-polished grid and that from the Y-845
cathode assembly. The experimental results show the effectiveness of electro-polishing of a grid surface for dark current
suppression and the possibility of titanium-coating of a grid surface for the reduction of the growth of the dark current.
Measurement of dependence of dark current on bias voltage revealed that dark current from the newly-developed cathode
assemblies was emitted from their grids and that dark current from the Y-845 cathode assembly was leak current from the
cathode.
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Table 1: Specification of the Grids of the Existing Y-845 and the Newly-Developed Cathode Assemblies

Cathode Assembly Existing (Y-845) Newly-developed
Material Tungsten Molybdenum
Form Wire mesh Perforated plate
Surface treatment Titanium-coated  Titanium-coated  Electro-polished
Dimension = Wire diameter 20pm -
Plate thickness - 50pm 48pum
Pitch 180pm 200pm
Hole diameter - 170pm
Distance between grid and cathode 120pm 157um 163um
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(a) Titanium-coated
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(c) Existing (Y-845)

Figure 1: Optical microscope images of the grids of the
newly-developed and the existing Y-845 cathode assem-
blies.

445 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP040

Cold Cathode

G UHV Chamber NEG pump
auge Sputter lon Pump
G Grid  Anode ﬂ

Sputter lon Pump

Heater -
Power Supply [~

Controller
Ammeter
Bias Voltage i Cathode )
Power Supply High Voltage
Power Supply
(+7kV)

Figure 2: Schematic drawing of the measuring setup.
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Figure 3: Dark current of cathode assemblies as a function
of applying time of electric field on grids. Heater voltage is
6.00V. Bias Voltage is 61.0V. The potentials of the grids and
the anodes are 0V and +7kV, respectively. The magnitude
of the electric field on the grids is 3MV/m.
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Figure 4: Temporal change in dark current of three types of
cathode assemblies at various bias voltages. Heater voltage
is 6.00V. The potentials of the grids and the anodes are 0V
and +7kV, respectively. The magnitude of the electric field
on the grids is 3SMV/m.
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(b) Existing cathode assembly (Y-845)

Figure 5: Calculated cross-sectional potential distributions
around the grids and the cathode surfaces of the newly-
developed and the existing Y-845 cathode assemblies. The
vertical solid lines indicate the cathode surfaces. The blue
rectangles and circles represent the grid cross sections of
the newly-developed and existing cathode assemblies, re-
spectively. The insets show the cross sections for the poten-
tial distributions as gray planes with the grids and cathodes.
The potentials of the cathodes, the grids, and the anodes are
61.0V, 0V, and +7kV, respectively.
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(b) After 21-hour operation in the dedicated measuring
chamber

Figure 6: Optical microscope images of the grids of two ex-
isting Y-845 cathode assemblies different in operation time.
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