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( A 3-cell CCI(Cell-to—Cell Interference) model and error correction
algorithm for Multi-level cell NAND Flash Memories )
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Abstract

We have analyzed adjacent cell dependency of threshold voltage shift caused by the cell to cell interference, and we
proposed a 3-adjacent—cell model to model the pattern dependency of the threshold voltage shift. The proposed algorithm
is verified by using MATLAB simulation and measurement results. In the experimental results, we found that accuracy of
the proposed simple 3-adjacient-cell model is comparable to the widely used conventional 8-adjacient-cell model. The Bit
Error Rate (BER) of LSB and of MSB is improved by 289% and 19.8%, respectively, by applying the proposed algorithm
based on 3-adjacent—cell model to 20nm-class 2-bit MLC NAND flash memories.
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FH 3-cellel mE I ZHE victim cell 2EH
ool H ik,

Measured average Vth value of victim cells
along with data pattern of adjacent 3-cell. (a) for
the case of victim cells in the even Bit line, and
(b) victim cells in the odd Bit line.

(@) victim cellol EVEN BLoll ®I%[5t= &<

Victim cell Vth (PV1_EVEN)
Right, Bottom cell

Left

el PV2 | PVO | PV3 | PV1
PVO,PVO| 0909 0.926 1.063 1217
PVO, PV2| 0941 0.952 1.096 1.237
PV2,PVO| 0944 0.958 1.102 1.244
PV2,PV2| 0977 0.986 1.13¢ 1.265
PV0,PV3| 1056 1.062 1.211 1.343
PV3,PVO| 1.083 1.091 1.234 1.367
PVO,PV1| 1081 1.097 1.23 1.38
PV2,PV3| 1099 1.101 1.252 1.378
PV2,PV1| 1111 1.123 1.264 1402
PV3,PV2| 1121 1.122 1.274 1.394
PV1, PVO| 1.112 1.131 1.263 1412
PV1,PV2| 1138 1.153 1.292 1432
PV3, PV3| 1.204 1.203 1.356 1468
PV3,PV1| 124 1.25 1.391 1.515
PV1,PV3| 1246 1.257 1.396 1.526
PV1,PV1| 1272 1.291 1419 1.565

(b) victim cellol ODD BLol #%|5l= &<

Victim cell Vth (PV1_ODD)
Right, Bottom cell

Left

all PVO | PV2 | PV3 | PV
PV3,PV1| 1078 1.088 1.242 1.353
PV1, PV1| 1.081 1.078 1.23 1.363
PVO,PV3| 108 1.091 1.243 1.359
PV1,PV3| 1.077 1.092 1.243 1.355
PVL,PV2| 108 1.091 1.243 1.36
PVO,PV1| 1082 1.084 1.235 1371
PV3,PV0O| 1.078 1.093 1.245 1359
PV2,PV1| 1081 1.087 1.243 1.365
PV1,PV0O| 1.087 1.087 1.237 1.372
PV2,PV0O| 1082 1.094 1.243 1.367
PVO,PV2| 1083 1.092 1.245 1.367
PV2,PV3| 1084 1.101 1.259 136
PV3,PV2| 1.086 1102 1.254 1.36
PV2,PV2| 1087 11 1.254 1.364
PVO,PV0O| 1.091 1.096 1.244 1.384
PV3,PV3| 1088 1.114 1.266 1.36
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Victim cell (PV1_EVEN)

PVO PV2 PV3 PV1
+ 0V +0V | +015V | +027V

PVO PV2 PV3 PV1
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PVO | PV2 | PV3 | PV1
OV | +0V |+015V]|+027V
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