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Fig. 1. Production process of thermal cathode preparation.
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Table 1.  Type of cathode and surface structure parameters.

BERAE B AREUMIEE SRR

Fen

/pm
1 fﬁgg H i 50 50
2 E%ﬁ;gg 1EAZRLA] 50 50
3 Eggg TEZERL1) 35 35
4 fggg IEAE X fm] 8 8
5 %;Eg%t Hi i 8 8
6 %’Egg‘t TEZE X [m] 8 8
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Fig. 2. Surface microtopography of cathode with periodic
stripe structure: (a) Unidirectionalstripe structure; (b) ortho-

gonal bidirectional stripe structure.
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Fig. 3. Diagram of water-cooled vacuum diode and cathode
performance testing system. Symbol 1, 2, 3 and 4 are
cathode, glass shell, anode and cooling water connector,

respectively.
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Fig. 4. Current density character of cathode sample 1 and 2

with different working temperature.
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Fig. 5. Current density character of cathode sample 3 and 4

with different working temperature.
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Table 2. Zero field emission current density of cathode sample 2,
3 and 4.

WL IR 2 IR 3 PR 4
C A-cm—? A-cm~? A-cm~?
1000 7.2 9.1 20.6
1050 12.3 17.8 35.5
1100 19.5 31.6 63.5
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Fig. 6. Current density character of cathode sample 4 with

polar distance 0.1 mm.
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Fig. 7. Current density character of cathode sample 5 and

6 with different working temperature.
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Fig. 8. Emulation model of electron emission performance

of cathode with array 3 x 3.
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Fig. 9. Spatial distribution of electrons of longitudinal
sections of cathode with array 3 x 3: (a) Cross section of

top of tip; (b) cross section of clearance of tips.
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Fig. 10. Electronic distribution of lateral interface that far

from the cathode surface about 10 pm.
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Fig. 11. Ideal structural model of cathode surface with

array 4 x 4.
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Fig. 12. Potential distribution of cathode at the tapered

micro-tip array structure.
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Fig. 13. Effect of r/h value of micro-tip structure on

emission current density of cathode.
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Effect of surface topography on emission
properties of hot-cathode
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Abstract

As a kind of influence factor, the surface topography determines the uniformity and current of peritoneal
impregnated diffusion cathode (M-type dispenser cathode) emitted electrons. It can be seen from the emission
characteristics of the cathode in the micro-range that the lathe tool grains at the cathode surface can affect the
current uniformity, and the electron emission will be enhanced. But the distribution of the lathe tool grains is
uncontrollable. Therefore to fully utilize the promoting effect of surface stripes on electron emission, the effect of
surface topography onthe emission property of M-type dispenser cathode is investigated. And the simplest way
to change the surface morphology of cathode surface is to fabricate a periodic stripe structure which can be
divided into unidirectional stripe structure and orthogonal bidirectional stripe structure. And the orthogonal
bidirectional stripe structure at the cathode surface can form micro-tip structure like the spindle cathode. To
research the effect of surface topography on the emission properties of M-type dispenser cathode, the periodic
stripe structures on the cathode surface with different sizes and shapes are processed by the femtosecond leaser
in the fabrication of micro/nano-size microstructure. The cathodes are prepared with the same degassing and
activated method. The test results of the cathodes show the periodic stripe structure on the cathode surface can
effectively enhance the cathode electron emission capability. The emission current density of cathode with
orthogonal bidirectional stripe is higher than that of cathode with unidirectional stripe. And with the stripe size
declining, the emission capability is gradually enhanced. Also, this phenomenon occurs in the scandium-
impregnated diffusion cathode. With the help of simulation of cathode surface topography, it is shown that the
top of tip has a great electron emission capability for its strong electric field. When the ratio of bottom radius
to height of the tip (r/h) is small, the side area is the main region of cathode electron emission. But as the r/h
keeps decreasing, the main electron emission region is transferred from the side of tip to the top of tip, and the

field assisted effect is the major component of the cathode electron emission.
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