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A Study on AC Modeling of the ESD Protection Devices
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Abstract

From the AC analysis results utilizing a two dimensional device simulator, the ac equivalent—circuit
modeling of the ESD protection devices is executed. It is explained that the ac equivalent circuit of the NMOS
protection transistor is modeled by a rather complicated form and that, depending on the frequency range, the
error can be large if it is modeled by a simple RC serial circuit. It is also shown that the ac equivalent circuit
of the thyristor-type pnpn protection device can be modeled by a simple RC serial circuit.

Based on the circuit simulations utilizing the extracted equivalent circuits, the effects of the parasitics in the
protection device on the characteristics of LNA are examined when the LNA, which is one of the important
RF circuits, is equipped with the protection device. It is explained that a large error can result in estimating
the circuit characteristics if the NMOS protection transistor is modeled by a simple capacitor. It is also
confirmed that the degradation of the LNA characteristics by incorporating the ESD protection device can be
reduced a lot by adopting the suggested pnpn device.
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Fig. 1. Cross section of the NMOS ESD-protection
transistor.
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Table 1. Principal parameters of the NMOS
ESD-protection transistor.
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Fig. 2. Suggested ac equivalent circuit of the

NMOS ESD-protection transistor.
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