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Abstract

For two input ESD protection schemes utilizing the NMOS protection device or the Ivtr_thyristor protection
device, which is suitable for high—frequency CMOS ICs, we attempt an in-depth comparison study on the HBM
ESD protection level in terms of lattice heating inside the protection devices and the peak voltage applied to the
gate oxides in the input buffer through DC, mixed-mode transient, and AC analyses utilizing the 2-dimensional
device simulator. For this purpose, we suggest a method for the equivalent circuit modeling of the input HBM
test environment for the CMOS chip equipped with the input ESD protection circuit. And by executing
mixed-mode simulations including up to four protection devices and analyzing the results for five different test
modes, we attempt a detailed analysis on the problems which can be occurred in a real HBM test. In this
procedure, we explain about the strength and weakness of the two protection schemes as an input protection
circuit for high-frequency ICs, and suggest guidelines relating to the design of the protection devices.
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Fig. 13. Variation of the peak temperature inside the
NMOS  device(My) in the PS mode in case of
using the NMOS protection circuit
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Table 6. Weak modes, peak temperature locations and
times depending on the protection scheme
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Table 7. Parasitics of each protection device
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