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Abstract: In this study, a substrate-bias assisted 2-step pulse programming method is proposed for

realizing 4-bit/1-cell operation of the SONOS memory. The programming voltage and time are

considerably reduced by this programming method than a gate-bias assisted 2-step pulse programming
method and CHEI method. It is confirmed that the difference of 4-states in the threshold voltage is
maintained to more than 0.5 V at least for 10-year for the multi-level characteristics.
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Fig. 1. The proposed programming method and
conditions.
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Fig. 2. Comparison of the program characteristics for 2
step pulse programming method by the proposed
substrate-bias (SAHE), gate-bias (FBEI) and the CHEI
method.
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Fig. 3. The multi-bit characteristics of the SONOS
device.
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Fig. 4. The multi-level characteristics as a function of
drain voltage.
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Fig. 5. The retention characteristics of SONOS device
for the multi-bit programming states.
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