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Abstract

To reduce dark currents from the grided thermionic electron gun of SPring-8 Linear Accelerator, a cathode assembly
with electro-polished and titanium-coated grid has been developed. To evaluate dark-current-reduction performance of
the newly-developed cathode assembly, dark current emitted from the newly-developed cathode assembly and three other
kinds of cathode assemblies was measured under conditions similar to those of the real accelerator. The dark-current
measurement was carried out during heating times of 47 - 49 days using our offline electron-gun test equipment which
applied DC acceleration voltage to its electron gun. The three cathode assemblies were two of the existing cathode
assemblies different in serial number and a cathode assembly with electro-polished grid. Dark current from the newly-
developed cathode assembly was over 100nA and the largest among that of the cathode assemblies. Dark current from
the cathode assembly with the electro-polished grid was under I1nA and the smallest among that of the cathode assemblies
during the measurement period. The two existing cathode assemblies showed individual difference in dark current by

two to three orders of magnitude.
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Table 1: Specification of the Grids of the Existing (CPI, Y-845), the Electro-polished, and the Newly-developed Cathode

Assemblies
Cathode Assembly Existing Electro-polished Newly-developed
Material Tungsten Molybdenum Molybdenum
Form Wire mesh Perforated plate Perforated plate

Surface treatment

Dimension = Wire diameter 20pm
Plate thickness -
Pitch 180pum
Hole diameter -

Distance between grid and cathode 120pm

Titanium-coating (t0.5.m)

Titanium-coating  Electro-polishing

after electro-polishing

48 m 49um

200pum 200pum
170pum 170pum
168um 149um

(a) Existing

(b) Electro-polished

(c) Newly-developed

Figure 1: Optical microscope images of the grids of the existing, the electro-polished, and the newly-developed cathode

assemblies.
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Figure 2: Temporal change in dark currents emitted from
four cathode assemblies. The four cathode assemblies were
two existing cathode assemblies different in serial num-
ber, the electro-polished cathode assembly, and the newly-
developed cathode assembly. Heater voltage was 6.0V.
Bias voltage was 61.0V. Acceleration voltage was 85kV.
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Figure 3: Dependence on bias voltage of dark currents
emitted from the existing cathode assemblies (a) A and (b)
B and (c) the electro-polished and (d) the newly-developed
cathode assembly. Heater voltage was 6.0V. Acceleration
voltage was 85kV.
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Figure 4: Dependence on acceleration voltage of dark cur-
rents emitted from (a) the existing cathode assembly A
and (b) the electro-polished cathode assembly. Modified

Richardson-Dushman equations were fit to measured data.
Heater voltage was 6.0V.
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Figure 5: SEM images in secondary-electrons mode of (a) the grids of the existing cathode assembly B and (c) the newly-
developed cathode assembly. SEM image in backscattered-electrons mode of (b) the grid of the electro-polished cathode

assembly. All three SEM images were detected after dark-current measurements. Acceleration voltage of the SEM was
15kV.
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