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Abstract

At the International Linear Collider, a photocathode electron gun capable of delivering a stable, high-average-current
beam is required. High-intensity laser irradiation raises the photocathode surface temperature, leading to degradation of
quantum efficiency and operational lifetime. Improving the withstand voltage of the inverted-type ceramic insulator that
supports the DC high-voltage terminal is also essential. In this study, we focus on polycrystalline aluminum nitride, which
combines excellent insulating properties with high thermal conductivity, and obtain fundamental data on its charging
behavior. Our measurements show that the surface potential near the cathode increases with applied voltage, suggesting

a high risk of discharge initiation.
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Figure 1: The measurement configuration.
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Figure 2: Surface potential profiles of the alumina after
initial charging and applying 1 kV, 3 kV, 5kV, and 7 kV.
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Figure 4: Surface potential profiles of the alumina after
applying 10 kV for durations of 5 min, 10 min, 15 min,
and 30 min.

20 20,
(a) w_(b) S
15 S 15 S
2 0.75%‘ 2 %‘
Z10 & Zu 2%
H 0.50°g H E
£ s 3 £ 13
© 0252 © T
0 £ 0 £
0.00 0
=% 200 400 =% 200 700
Time (s) Time (s)
20
C ~
( ) 15 =
35 4 3
< 2
210 4 &
5 E
55 2 3
o] 25
0 z
s 0 0

0

200
Time (s)

400

200

Time (s)

400

10.0 10.0
s s
75 < 75 <
P P
g g
50 3 503
= =
g 3
25 & o K 25 &
[ =
< <
s 0.0 s {00
0 200 400 0 250 500 750
Time (s) Time (s)
20 20
10.0 10.0
() -~ (@ o
15 s 15 s
2 75 < 2 75 2
P P
210 I’'d 2 20 E
z 50 3 £ 50 S
] 25 5 o 25 &
0 2 0 £
s = Jo.0 s 0.0
>0 500 1000 1000 2001

Time (s)

Time (s)

Figure 3: The time evolution of the current and voltage of
the alumina under applied voltages of (a) 1 kV, (b) 3 kV,
(c) 5kV, and (d) 7 kV for a duration of 5 minutes.

Figure 5: The time evolution of the current and voltage of
the alumina under an applied voltage of 10 kV for
durations of (a) 5 min, (b) 10 min, (¢) 15 min, and (d) 30
min.
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Figure 6: Surface potential profiles of aluminum nitride
after initial charging and applying 1 kV, 3 kV, 5 kV, and
7kV.
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Figure 7: The time evolution of the current and voltage of
the aluminum nitride under applied voltages of (a) 1 kV,
(b)3kV,(c)5kV, and (d) 7 kV for a duration of 5 minutes.
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Figure 8: Surface potential profiles of the aluminum
nitride after applying 10 kV for durations of 5 min, 10 min,
15 min, and 30 min.
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Figure 9: The time evolution of the current and voltage of
the aluminum nitride under an applied voltage of 10 kV
for durations of (a) 5 min, (b) 10 min, (c) 15 min, and (d)
30 min.
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