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The NAND Type Flash EEPROM using the Scaled SONOSFET
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Abstract - The SONOSFET memory devices with ultrathin ONO(tunnel oxide-nitride-blocking oxide) gate dielectric
were fabricated using n-well CMOS process and investigated its characteristics. The thicknesses of tunnel oxide, nitride
and blocking oxide were 23 A, 53 A and 33 A, respectively. Auger analysis shows that the ONO layer is made up of
SiO.(upper layer of blocking oxide)/O-rich SiO«Ny(lower layer of blocking oxide)/N-rich SiO«N,(nitride)/O-rich
SiO«Ny(tunnel oxide). It clearly shows that the converting layer with SiO«N, phase exists near the interface between the
blocking oxide and nitride. The programming condition of +8 V, 20 ms, —8 V, 50 ms is determined and data retention
over 10 wyears is obtained. Under the condition of 8 V programming, it was confirmed that the modified
Fowler-Nordheim tunneling is dominant charge transport mechanism. The programmed threshold voltage is distributed
less than 0.1 V so that the reading error of memory states can be minimized. An 8X8 NAND type flash EEPROM with
SONOSFET memory cell was designed and simulated with the extracted SPICE parameters. The sufficient read cell
current was obtained and the upper limit of Vi for write state was over 2 V.
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Table 1 SONOSFET SPICE parameters acquired from curve

fitting, local and global optimization

ParasDeViCe | N-channel SONOSFET | Units
TOX 8.75E-9 m
NSUB 6.76E16 1/ent

GAMMA 0.338 V1/2
THETA 0.023
PHI 0.79 N
ETA 0.386
VTO 0.787 v
RD 60 Ohm
RS 60 Ohm
RSH 409 Ohm/sq.
DELTA 03
CGDO 41E-10 F/m
CGS0 4.1E-10 F/m
CGBO 50.9E-10 F/m
CJ 556E-5 F/m2
PB 0.5054 \Y
MJ 0.4105
FC 0.9491
IS 9.90E-14 A
N 1.04
NFS 2.63E12 1/en
LD 1.0E-7 m
WD 1.6E-7 m
uo 310 ai/V-s
VMAX 2.37E5 m/s
XJ 0.3E-6 m
Error Rate 5.227%
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