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Abstract: The electro-thermal erasing (ETE) configuration utilizes Joule heating intentionally generated at word-line (WL). The

elevated temperature by heat physically removes stored electrons permanently within a very short time. Though the ETE

configuration is a promising next generation NAND flash memory candidate, a consideration of power efficiency and erasing

speed with respect to device structure and its scaling has not yet been demonstrated. In this context, based on 3-dimensional (3-

D) thermal simulations, this paper discusses the impact of device structure and scaling on ETE efficiency. The results are used

to produce guidelines for ETEs that will have lower power consumption and faster speed.
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Fig. 1. (a) Biasing configuration of electro-thermal erasing (ETE) and
(b) operation principle of ETE shown by energy band diagram.
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Fig. 2. Schematic of SONOS FETs for simulations of ETE. Bird’s eye
view of (a) Bulk FinFET SONOS and (b) GAAFET SONOS. Cross-
sectional images of (c¢) FinFET SONOS and (d) GAAFET SONOS.
Cut images along channel direction of (e) FinFET SONOS, and (f)
GAAFET SONOS.
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Table 1. Device parameters and material properties for SONOS simulations.

Materials Dimensions (nm)  Thermal conductivity, x [W/m?-K]  Electrical conductivity, o [S/m]

Gate length, L Poly-Si 200 31.2 2.57 x 10°
Channel width, Wen 50

Si 140 7.68 x 1073
Channel thickness, Tch 50
Blocking oxide Thickness SiO2 8 1.4 1 %10
Charge trap layer thickness SisNag 6 32 1x108
Tunneling oxide thickness SiO2 3 1.4 11017
Si-Substrate Si 1,000 38 5% 107

(@) c (b) °c
FinFET SONOS 1000 GAAFET SONOS 1000

Channel

900
800
700
600
500
Channel 400
300
200
100

Fig. 3. Simulated heat distribution profile during ETE of (a) FinFET SONOS and (b) GAAFET SONOS. (c-d) Cross-sectional images of data

from Fig. 3(a) and Fig. 3(b), respectively.
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Fig. 4. (a) Extracted temperature with applied power consumption and (b) time-dependent characteristics of FinFET SONOS and GAAFET

SONOS.

Fig. 5. (a) Schematics for device scaling simulations, (b) LG scaling, and (¢c) Wch and Tch scaling.
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Fig. 6. (a) Extracted temperatures for various gate lengths and (b) comparison of temperature growth rates be-tween FinFET SONOS and

GAAFET SONOS.
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Table 2. Comparison of ETE efficiency between FinFET SONOS and GAAFET SONOS.

Power efficiency Erasing speed Power efficiency with respect to device scaling
FinFET SONOS +9.29°C/mW +34.05°C/ns — 1.76°C/nm
GAAFET SONOS +21.24°C/mW +57.50°C/ns —6.31°C/nm
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