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Fig. 1. Monte Carlo simulation flow chart of electron

scattering in metal.
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Fig. 2. Schematic diagram of concave structures: (a) Square concave structure; (b) round concave structure;

(c) triangle concave structure.
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Fig. 3. Schematic diagram of convex structures: (a) Square convex structure; (b) round convex structure;

(c) triangle convex structure.
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Fig. 4. Top views of a square periodic unit: (a) Concave

structure; (b) convex structure.
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(a) Square concave structure with D = 0.4, Ag = 1,

(b) square convex structure with D = 0.2, Ag = 1.
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Table 1. Characteristic parameters of concave structures

with different duty ratios of area when Ag = 3.

D 779l a/nm [FFL d/nm =L 1/nm

0.1 1440 1620 2160

0.2 2040 2280 3060

0.3 2460 2760 3750

0.4 2820 3210 4320
F2 A 0.4 WM S5 F AN R R 58 LU RHIE S 4L

Table 2. Characteristic parameters of concave structures
with different depth to width ratios when D = 0.4.

Ag 77l h/nm [F4L h/nm =44l h/nm
(a =2820 nm) (d=3210nm) (I =4320 nm)
1 2820 3210 4320
3 8460 9630 12960
5 14100 16050 21600
7 19740 22470 30240
®3 W 3 WA &2 L RHIE S £

Table 3. Characteristic parameters of convex structures

with different duty ratios of area when Ag = 3.

D 1E77% a/nm 7% d/nm “ 1 /nm

0.1 1440 1620 2160

0.2 2040 2280 3060

0.3 2460 2760 3750

0.4 2820 3210 4320
F4 G 0.2 I RS AN FITR T L RHIE S £

Table 4. Characteristic parameters of convex structures
with different depth to width ratios when D = 0.2.

IEATE h/nm [#JE h/nm =% h/nm

(a =2040 nm) (d=2280 nm) (I = 3060 nm)
1 2040 2280 3060
3 6120 6840 9180
5 10200 11400 15300
7 14280 15960 21420
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Fig. 6. Simulated SEY curves of square concave structure

with different geometrical structures: (a) The effect of dif-
ferent depth to width ratios on SEY with D = 0.4; (b) the
effect of different duty ratios of area on SEY with Ag = 3.
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Fig. 7. Generation distribution of SEs emitted from
metal surface for square concave structure with differ-
ent depth to width ratios, D = 0.4.
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electron energy as 400 eV, Ag = 3.
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Table 5. Comparison of square concave structure be-

tween direct simulation results and calculation results

by formula.
D Shole Otlat Osurf Shollow
0.1 0.05 2.20 1.96 1.96
0.2 0.11 2.20 1.78 1.72
0.3 0.15 2.20 1.59 1.54
0.4 0.20 2.20 1.40 1.36
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Fig. 9. Simulated SEY curves of square convex struc-

ture with different geometrical structures: (a) The ef-
fect of different depth to width ratios on SEY with
D = 0.2; (b) the effect of different duty ratios of are
on SEY with Ag = 3.
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Fig. 10. Generation distribution of SEs emitted from

metal surface for square convex structure with differ-
ent depth to width ratios, D = 0.2.
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Fig. 11. Simulated SEY curve of square convex struc-
ture with varying duty ratio of area under incident
electron energy as 400 eV, Ag = 3.
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Table 6. Comparison of square convex structure between

direct simulation results and calculation results by formula.

D Ohole Oflat Osurf Shollow
0.1 1.38 2.20 1.46 1.41
0.2 1.08 2.20 1.31 1.23
0.3 0.89 2.20 1.29 1.19
0.4 0.74 2.20 1.32 1.21
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Fig. 12. Simulated SEY curves of
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surface morphologies

with varying depth to width ratio and duty ratio of area

under incident electron energy as 400 eV: (a) Square con-

cave structure; (b) square convex structure.
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Fig. 13. Simulated SEY curves of surface morpholo-
gies: (a) Concave structures with D = 0.4, Ag = 3;
(b) Convex structures with D = 0.2, Ag = 3.
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Fig. 14. Simulated SEY curves of concave structures

and convex structures with D = 0.2, Ag = 3.
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Fig. 15. Simulated SEY curves of square convex struc-

ture with varying electron incident angle under differ-
ent depth to width ratios, D = 0.2.
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Optimization of surface morphology with micro meter
size for suppressing secondary electron emission”
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Abstract

Suppression of the secondary electron (SE) multipactor is a key issue for improving the performance of high power
microwave devices and particle accelerators. The decrease of the SE emission yield (SEY) by using certain surface
morphology is one of the effective methods. To optimize the surface morphology, we simulate the SE emissions of
different surface structures by using the Monte Carlo method. The effects of geometric parameters, such as duty ratio of
area, depth-to-height ratio, pattern and its arrangement on SEY are investigated. For surface morphology with patterns
of square, round and triangle, and for both convex and concave structures, the corresponding values of SEY first decrease
and then become steady with the increase of duty ratio of area and depth-to-height ratio. For convex structures, the
values of SEY are different for different pattern shapes, in which triangle pattern has the smallest SEY. However, the
value of SEY is nearly independent of arrangement of pattern. For concave structures, on the other hand, the value of
SEY is scarcely different for different patterns or different arrangements. In general, a convex structure has a better
suppression effect than a concave structure if other geometric parameters are identical. The “shading effect” from side

wall of structure is found to be the intrinsic reason of the suppression effect.

Keywords: secondary electron emission, concave structure, convex structure, multipactor susceptibility

zone
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