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Reliability Analysis by Lateral Charge Migration in Charge Trapping
Layer of SONOS NAND Flash Memory Devices
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ABSTRACT

As the NAND flash memory goes to 3D vertical Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) structure, the
lateral charge migration can be critical in the reliability performance. Even more, with miniaturization of flash

memory cell device, just a little movement of trapped charge can cause reliability problems. In this paper, we propose

a method of predicting the trapped charge profile in the retention mode. Charge diffusivity in the charge trapping

layer (SisN4) was extracted experimentally, and the effect on the trapped charge profile was demonstrated by the

simulation and experiment.
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Fig. 1. Schematic diagram of charge loss possible in NAND

BEAA

flash memory: (a) Vertical charge migration in the
2D structure and (b) vertical and lateral charge
migration in the 3D structure.
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Fig. 2. Schematic of SONOS-type capacitor: (a) cross section

Mesh Pattern

of the device and (b) top view of mask used for the
mesh-type gate patterning. Here, the space is varied
to extract the optimal distance for the evaluation of
the lateral charge migration.
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Fig. 3. (a) Program/retention measurement at square-type
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area and (b) comparison of AVrs over time at two
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Fig. 5. (a) Charge distribution just after program and (b)
charge distribution after lateral charge migration to

space was proceeded.

07
L 75 degree
£ o6l e program
2 retention_1
2 05+ —after_1

- retention_2

2 04 after 2
B retention_3
c e after_3

03} .
(7]
°
o 02 I
o
i
® 01
=
o 0.0 L .

4000  -500 0 500 1000
Gate length [um]
Fig. 6. Simulation results on the charge profile of the

programmed cells and the space between the cells.
The space charge increases according to the number
of program cycling. Here, the electron diffusivity is
assumed to be 10 cm?s, which is extracted by the

experiment.
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cm?/s, which is extracted by the experiment.
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