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Abstract

In this paper, we analyzed the gate controllability of 3D NAND Flash Memory with Charge Trap Flash using
Ferroelectric (CTF-F) structure. HfO», a ferroelectric material, has a high-k characteristic besides polarization. Due to
these characteristics, gate controllability is increased in CTF-F structure and on/off current characteristics are improved
in Bit Line(BL). As a result of the simulation, in the CTF-F structure, the channel length of String Select Line(SSL) and
Ground Select Line(GSL) was 100 nm, which was reduced by 33% compared to the conventional CTF structure, but
almost the same off-current characteristics were confirmed. In addition, it was confirmed that the inversion layer was
formed stronger in the channel during the program operation, and the current through the BL was increased by about 2

times.
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1. Schematic cross section of (a) CTF-F structure

and (b) CTF structure used in TCAD simulation.
a2l 1. TCAD simulationoll AFEE (a) CTF-F 7t=2}
(b) CTF #+=2| ctHE

Fig.

Table 1. Ferroelectric parameter of HfO» in Fig. 1. (a).
E 1. 28 1. (@ollM HiO.2l Ferroelectric parameter

v

Parameter Value
Pr(Remanent Polarization) 25 uC/em?
Ps(Saturation Polarization) 30 uC/em®
Ec(Coercive Electric Field) 2 MV/cm
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Table 2. Trap parameter of nitride in Fig. 1. (@), (b).

# 2 3% 1. (@), oM nitride2| trap parameter

a9 2. (a)= WL V7l 2 V 5 2 2 program
9 5 dolgE vuwd azoln) 2o Ve A
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g 2. ()9 BL currentZ log scale® W33 17|
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eDensity (cm*-3)

! 1.200e+20

8.168e+12

—=

5.560e+05

3.785e-02

2.576e-09

IR

1.754e-16

Parameter Value
Relative permittivity 75
Band gap 5eV
Electron trap energy (from conduction band) 1.0 eV
Electron trap capture—cross-section 1x10™ em?
Nitride electron trap density 5x10%° ¢m™®
Table 3. Bias condition used in TCAD simulation.
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Fig. 2. TCAD simulation results for (a) Id-Vg curve measured
after applying 13 V, 3 s in O/N/F structure, 20 V,
7 us in O/N/O structure and (b) Log scale.

T2 2. TCAD simulation Z2t (a) ONF 7=0llAM 13V, 3 s
ONO FZollM 20 V, 7 s QIS o|F =Xt
ld-Vg curve, (b) Log scale
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Fig. 3. TCAD simulation results for In (a) O/N/F structure
and (b) O/N/O structure, electron density of SSL
side during program pulse application.
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