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Abstract: The evolution of flip-chip packaging technology has raised new requirements for heavy-ion
single event effect (SEE) experimental techniques in devices. This paper presents a variable LET method
that established an equivalence between the Bragg peak displacement within the silicon substrate and
variation of degrader thickness, based on Bragg curve and equivalent factor calculations. This method
facilitates rapid adjustment and precise acquisition of multiple effective LET values in the sensitive volume
of devices under the condition of single ion species and energy. Variable LET method of heavy-ion single
event offecton 12 nm FinFET SRAM is validated using Ar ions supplied by the Space Environment
Simulation and Research Infrastructure (SESRI) in Harbin Institute of Technology. The Weibull fitting
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curve of heavy ion single event upset (SEU) cross-section is derived by combing with Kr ion experimental

data at higher LET. An effective experimental approach is offered for accurately assessing the device's

resistance to SEE, further enhancing the experimental efficiency of radiation performance evaluation.
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Fig.1 Bragg curve of Ar in Si after passing through Al

degraders with different thicknesses
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Fig.2 Variable LET experimental system for single event effects testing
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Tab.1 Simulated LET for different Al degrader combinations

and thicknesses

Simulated LET/
Degrader combination Thickness/pm

(MeV-cm?*mg™)

1&1 0 4.6
2&1 204 5.5
3&4 488 8.8
4&0 510 9.4
4&1 530 10.1
4&2 550 11.0
4&4 590 14.0
5&0 612 17.1
5&1 632 10.5
5&2 652 3.2x10°°
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Fig.4 SEU cross-section corresponding with Al degrader of

different thicknesses in 12 FinFET SRAM
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Tab. 2 Result of calibrating the SEU cross-section using R

Thickness/um R SEU cross-section /(107'° cm?-bit™")

0 1.022 4 1.39
204 1.028 9 1.80
488 1.000 2 3.01
510 1.016 5 3.13
530 1.018 6 3.34
550 1.023 3 3.82
590 1.0195 5.51
612 1.024 8 8.21
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