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Abstract

In this paper. we investigated how a particular internal inverter circuit. which is located far from
the input protection in CMOS DRAM. can be easily damaged by external ESD stress, while the
protection circuit remains intact. It is shown in a mega bit DRAM that the internal circuit can be
safe from ESD by simply improving the input protection circuit.

An inverter. which consists of a relatively small NMOSFET and a very large PMOSFET. is used
to speed up DRAMs. and the small NMOSFET is vulnerable to ESD in case that the discharge
current beyond the protection flows through the inverter to Vss or Vce power lines on chip This
internal circuit damage can not be detected by only measuring input leakage currents. but by
comparing the standby and on operating current before and after ESD stressing.

It was experimentally proven that the placement of a parasitic bipolar transistor between input
pad and power supply is very effective for ESD immunity.
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Fig. 6. Contact rupture phenomenon in
internal circuit by ESD stress.
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Fig. 7. Current emission point in internal cir-
cuit by ESD stress.
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Fig. 9. Input protection circuit using npn
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Fig. 10. lay-out of input protection circuit

using base-open bipolar transistor.
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