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A New Programming Method of Scaled SONOS Flash Memory
Ensuring 1X 10° Program/Erase Cycles and Beyond
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Abstract

In this study, a new programming method, to minimize the generation of Si-SiO: interface traps
of scaled SONOS flash memory as a function of number of program/erase cycles has been proposed.
In the proposed programming method, power supply voltage is applied to the gate, forward biased
program voltage is applied to the source and the drain, while the substrate is left open, so that the
program is achieved by Modified Fowler-Nordheim (MFN) tunneling of electron through the tunnel
oxide over source and drain region. For the channel erase, erase voltage is applied to the gate, power
supply voltage is applied to the substrate, and the source and drain are open. A single power supply
operation of 3 V and a high endurance of 1x10° program/erase cycles can be realized by the proposed
programming method. The asymmetric mode in which the program voltage is higher than the erase
voltage, is more efficient than symmetric mode in order to minimize the degradation characteristics of
scaled SONOS devices because electrical stress applied to the Si-SiO; interface is reduced by short
programming time.

Key Words : Scaled SONOS, Flash Memory, Asymmetric Programming, 3 V Single Power Supply,
1x10° Program/Erase Cycles.
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Fig. 1. Cross-sectional view of a SONOS device.
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Fig. 3. The interface trap density in the silicon-
tunnel oxide before program/erase cycle and
after 1X10° program/erase cycles by the
three programming methods.
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Fig. 4. The Si-SiO; interface trap density in the
virgin state and after the symmetric and
asymmetric 1x10° program/erase cycles of
programming method 3.
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Fig. 5. The asymmetric 1Xx10° program/erase
characteristics of SONOS device by the
programming method 3.
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