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Technologies for Stability of Readout Current in MONOS-Type NAND Flash Memories
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Toshiba has been engaged in research and development aimed at realizing a metal-oxide-nitride-oxide-silicon (MONOS)-type memory as a promising
candidate for the next-generation NAND flash memory and beyond.  Instability of data readout often occurs in a MONOS-type memory, caused by
transient response of the channel current due to slow polarization in the high-k dielectric material that serves as a blocking layer to improve program-

ming and erasing operations.

As a solution to reduce the transient response of channel currents, we have developed both a new blocking layer structure composed of an
aluminum oxide (Al,Qz)/silicon dioxide (Si0,)/Al,0; (hereafter referred to as "AOA") stacked blocking layer instead of the conventional Al,O; single layer,
and a new operation architecture comprising an intelligent reading scheme with appropriate pre-bias voltage application before reading.  These tech-
nologies achieve stability of the channel current in MONOS-type memory cell transistors and highly reliable readout of data.
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Structure of MONOS-type memory cell
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Method of measuring transient response of readout current
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Transient response of channel current in memory cell with SiO, blocking
layer
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Transient response of channel current in memory cell with Al,O; blocking
layer
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Relationship between current density and electric field of Al.O; single
layer and AOA stacked blocking layer
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Frequency dependence of capacitance of Al,O; single layer and AOA
stacked layer
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Cross-sectional transmission electron microscope (TEM) images of
MONOS-type memory cells with Al,O; and AOA as blocking layers
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Transient response of channel current in memory cell with AOA stacked
blocking layer
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Transient response of channel current in memory cell with Al,O; blocking
layer when pulse voltages are applied
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Newly developed pre-bias voltage application scheme
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Relationship between pre-bias voltage and variation of channel current
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