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F L) T SEIERIS 1 6 Fh B AR SEY 241
Table 1. SEY parameters of six bulks obtained by simulation and experiment
ip=t S 2%
] A e Ec/eV EL/eV
EwleV SEYm Em/eV SEYm SCHR
400 4.11 [32]
AlLO3 8.1 5.4 350 431
750 33 [36]
600 6.20 [32]
MgO 7.6 49 400 6.17
250 6.4 [37]
600 2.10 [33]
SiO2 9.1 5.2 300 2.07
400 2.1-2.9 [2]
TiN 14.5 4.8 350 1.29 350 1.27 [34]
150 1.36 [35]
Al 13.3 42 350 1.34
300 0.64 [38]
Si 13 43 350 1.68 200 1.60 [32]
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ARSI SEE &8 rh, AT DATS IR I )=, JF e PR SR BURI R B o 1K B 228 SR [32] Hh iR T 1) S 36
B, BT SiAREHERE ALOs Al MgO G KL 7 BUBAY, JFEAT TAHRI SEY i Fit 5, 453
W 9 . B 9 Fingi R Eon, GPKEBXT SEY B BB s s, I B A7 e Wi g LS FE,
BNBE R 4% 2 SN, SEY B WALRER SEY iU BIHI R g8 K Y SEY . %t SCHRBA A i S56 45
B, YK R IAS] 5om PLERF, ARSI SEY EAREAE, 3 H 5Lt nm JEH ALO; 5; MgO
M SEY AKFAHE . Wil o) E45 R BT, Si4fJKHI SEYm A 1.67, A ALOs KHHE)Z 5 SEY #4K,
It H SEY Fifi JZEARUARNTRER, MR E N 3 nm I, SEYwm A 4.36. K 9(b)H Si Ft MgO R th 2R
MIFIR SEY 2 ba%h, FEMEREE 0, SEY &% LA, 3F HRHNgg, 24 MO HEEE N 3 nm i,
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2. ALOs Ml TiN [ A SEY $5e RAB KA XS - 35 [ 14 A8 A0 A IO 46 440 B 5% 2R

Table 2. Relationship between the maximum SEY and rates of change relative to flat bulks, and microstructure of AL:Os and TiN bulks

i B B m R um &) #E/m i o 2% ik
SEYm  BF SEYm A

#1 162 224 200 2.24 48.0% 2.43 44.8% [35]

#2 157 34 200 3.46 19.7% 434 1.4% [35]

#3 113 242 200 3.29 23.7% 3.11 29.3% [35]
SE4H ALO;3 - 431 4.40 - [35]
#4 255 40 400 1.14 11.6% 1.10 13.4% [34]

#5 254 264 400 0.83 35.7% 0.97 23.6% [34]

#6 258 429 400 0.79 38.8% 0.75 40.9% [34]
SF4H TiN - 1.29 127 - [34]
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IKREETEEIA, iH 5 ings R B SEY #¥E 2 7/ T 10%, R R 55451 SEY fEEH)
FAEY) & R EF. (2) Frdsriy SEE R Re % SEILFR M AE = MR I OR S 5oL T, AR SEY HIsEN:
TN o TR TR ZRE G, P2 IS REIG N 23 A3 22 11 H -1 RS /KT Z 8T A TS SEY 7K 1) iR SEY 7K~k
b, B Si 4K H) ALOs F1 MgO L JEEE N 0 B9 3 nm, SEYm B ¥ HH AT 1.67 Hh0E] 4.36 1 5.76;
RIMMIERCK R FES S5 2B SEY, FFEBEE VR 5 LA LR 2 B i FEAI, 7 F 45 R 5 sinsh R
FEA S b — 30 BRI o oA B LRSS 45 S nT A, SEaaill i34 SEY e KAH S5 11 B34S 1) SEY K
E A ZERIET 10%. A TAREEAFEB S MESERFR AN SEY 17 B8R 5 556 45 Jxt b
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Monte Carlo simulation of secondary electron emission from solid surfaces

based on a modified scattering cross-section model

YAO Kaiwen!, WANG Dan">%", LI Yang!*, WANG Xiaofei',; LI Ruidong*, HE Yongning', ZHANG Guohe!
1. School of Microelectronics, Xi'an Jiaotong University, Xi'an 710049
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Secondary electron emission (SEE) is a fundamental physical phenomenon in solid-state physics and surface physics, playing critical
roles in electron microscopes, energy spectrometers, electron multipliers and many vacuum-based scientific instruments. Nevertheless,
in some engineering scenarios where electron avalanche multiplication occurs, SEE brings severe reliability risks for engineering systems
such as particle accelerators and high-power microwave devices, where it may trigger multipactor discharge, electron cloud effect and
electrostatic discharge, eventually degrading or even destroying functional hardware. Conventional experimental characterization of SEE
yield (SEY) suffers from long testing cycles and high costs; moreover, it is difficult to quantitatively decouple and evaluate the
contributions from complex surface modifications in practical engineering scenarios. Therefore, reliable numerical simulation tools are
highly demanded to predict SEY for diverse materials and surface configurations. In this work, we presents a simulation method for SEY
calculation that is adaptable to various application scenarios, specifically designed to model strategies for either suppressing or enhancing
SEY on solid surfaces in practical engineering contexts. Based on three fundamental physical processes in electron—matter interactions
including elastic scattering, inelastic scattering, and interface transmission, this approach integrates the Moller cross-section model, a
single-scattering model, and an interface transmission model to establish the SEE process model. Using the Geant4 particle simulation
platform, a Monte Carlo (MC) simulation method for SEE prediction has been developed. The SEY values are simulated for different
model parameters, material types, and surface structures, and the results are compared with experimental data. Two key physical
parameters, the secondary electron cutoff energy (Ec) and surface barrier energy loss (EL), are introduced and calibrated to improve
low-energy simulation accuracy within the incident electron energy range from 50 eV to 1000 eV. By tuning E. and EL, the calculation
accuracy of the SEE model has been significantly improved. After normalization, in the low-energy regime (less than 1.5 times the most
probable energy), the SEY discrepancy between simulation and experimental results remains within 10%. Furthermore, the simulated
SEY values for both compound solids (including Al-Os, MgO, SiOz, TiN) and elemental solids (including Al, Si) show well agreement
with public experimental data. SEY calculations are also performed for typical SEY modulation methods including nanoscale surface
coating engineering and surface microstructure engineering. The simulated trends closely align with those observed experimentally.
Specifically, for coating thicknesses below 10 nm, increasing thickness causes the surface SEY to transition from the substrate level
toward that of the thin film material. For the Si substrates coated with Al.Os and MgO, when the thickness increases from 0 to 3 nm, the
maximum SEY rises from 1.67 (bare Si) to 4.36 and 5.76, respectively. Periodic cylindrical and square pore microarray structures
effectively suppress SEY for both AL:Os and TiN samples; SEY decreases and becomes saturated with increasing aspect ratio and surface
porosity. Across all tested microstructure samples, the average deviation of maximum SEY between simulation and experimental
measurements remains below 10 %. Merely, limited by idealized geometry setup, the current model does not incorporate secondary
micro-roughness introduced by physical etching, which partly accounts for deviations observed at high incident-electron energies. The
simulation method achieves acceptable computational efficiency, with the average computing time per energy point below 30 seconds. It
supports flexible configuration for bulk materials, nanometer-thick films and complex micro-geometries. This validated Geant4-based
SEE MC model provides an effective numerical approach for SEE-related engineering analysis and surface modification design, and

showing promising application prospects for SEY prediction including multipactor suppression and secondary electron effect mitigation.
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