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An On-chip NMOS ESD Protection Circuit with Low
Trigger Voltage and High ESD Robustness
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Abstract ; This paper designed a NMOS ESD protection circuit with low trigger voltage (trigger voltage
<10 V) and high ESD robustness (HBM ESD level=4 kV). It raises the bias voltage of both the gate and
the substrate of the main discharge element to an appropriate extent by designing a gate-coupled RC-net-
work with voltage-clamping function. This not only provides a stronger discharge capacity and lower trig-
ger voltage but also maintains a high secondary breakdown current. In this case, the ESD robustness of the
MOS protection structure in CMOS deep submicron circuit is strengthened. The design is taped out in
CSMC HJ018 process, and tested through TLP platform, which shows the trigger voltage is lower than 10
V and the secondary breakdown current is 3.5 A.
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Fig. 1 The cross-sectional structure of substrate triggered GGMOS
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Fig. 2 The cross-section of improved substrate triggered GGMOS
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Fig. 3 The equivalent circuit model
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Fig. 4 The graph of triggered grid voltage
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