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Abstract Electron beam induced deposition (EBID) is often limited to auxiliary processes, such as preparing
protective layers before ion beam induced deposition (IBID) processing, due to its slow deposition rate and low
deposit purity. This study systematically investigates the improvement of process efficiency and simplification of
the workflow, focusing on the influence of key process parameters on deposition rate and quality. A simplified
process based on the "shrink frame" function of a scanning electron microscope (SEM) is proposed. The research
shows that the deposition rate significantly increases at lower accelerating voltages; the beam current and deposition
thickness have a linear positive correlation, and shorter dwell times contribute to higher deposition rates. By
optimizing the parameters, this study achieved an EBID deposition efficiency of 0.03 pm’/nC, significantly
exceeding the efficiency range reported in previous literature. The simplified process does not rely on complex
dedicated programs and is easy to operate. Particularly in scenarios where high precision is not required but
efficiency is prioritized, the optimized EBID process can completely replace the IBID process in certain
applications. Therefore, we believe that optimizing the parameters of electron beam induced deposition in focused
ion beam-scanning electron microscopy (FIB-SEM), improving the deposition rate, and simplifying the operation
process has significant application value, providing a new solution and alternative for depositing protective layers.
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Tab. 1 EBID parameters settings

SR — E3s _ ——_— VIR i ]
A5 BN AR HE WxL/pmxpum t/s
A e R kv 0.7-20 SR EAE 120 pm, FEBEATE] 0.5 ps 1.5%3 27
BB nA 0.2-3.35 FIEFLE 0.8 kV, FERFHFE 0.5 ps 1.5x3 27
PR T B B[] js 0.025-1 JEE R 0.8 kV, JERIEAE 120 um 1.5%3 27
U - Hiti = JEE T 0.8 kV, FEEEIE 0.5 us 1.5x3 27
PG EE BUYE S - 0-6 SN E 0.8 kV, SEHEE 120 pm 1.5%3 27
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Tab. 2 Relationship between scan speed and dwell time
LT BUYi R LA 0 1 2 3 4 5
PEFRET ] /ms 87.74 132.29 207.01 360.38 677.57 1300.00
I BA A [] /us 0.11 0.17 0.26 0.46 0.86 1.65
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Tab.3 Comparative testing parameters for EBID and IBID
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Fig.1 Method for measuring the thickness of deposited layers
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Fig. 2 Influence of acceleration voltage on deposition thickness
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Fig. 3 Effect of beam current on deposition thickness
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Fig. 5 Effect of scanning mode on deposition thickness
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Tab. 5 Comparison of deposition results between IBID and EBID

T B T /pA i o/s FR V/um® UIBLEE V/tlum’/s OB V/It/um’/nC
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Fig. 7 Cross-sectional morphologies after FIB milling under different deposition conditions. (a) Without deposition, (b) EBID at
0.8 kV, (c) EBID followed by IBID, (d) EBID performed sequentially at 20 kV and 0.8 kV
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Fig. 8 Higher magnification cross-sectional morphologies under different deposition conditions. (a) Without deposition, (b) EBID at

0.8 kV, (c) EBID followed by IBID, (d) EBID performed sequentially at 20 kV and 0.8 kV, (e) EDS analysis of the area shown

in (c)
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Fig. 9 Deposition effect of the simplified process for welding transmission samples onto the needle tip. (a) FIB imaging, (b) SEM

imaging
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