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Abstract: Localized heat can be generated using electrically conductive word-lines built into a 3D NAND flash memory string.

The heat anneals the gate dielectric layer and improves the endurance and retention characteristics of memory cells. However,

even though the electro-thermal annealing can improve the memory operation, studies to investigate material failures resulting

from electro-thermal stress have not been reported yet. In this context, this paper investigated how applying electro-thermal

annealing of 3D NAND affected mechanical stability. Hot-spots, which are expected to be mechanically damaged during the

electro-thermal annealing, can be determined based on understanding material characteristics such as thermal expansion, thermal

conductivity, and electrical conductivity. Finally, several guidelines for improving mechanical stability are provided in terms of

bias configuration as well as alternative materials.
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Fig. 1. Basic schematic of NAND flash memory array.
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Fig. 2. (a) Schematic of 3D NAND structure for simulations and (b)
cross-sectional image of the structure and bias condition for electro-
thermal annealing configuration.
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Table 1. Device dimensions and material parameters for simulation of mechanical stability.
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Fig. 3. (a) Simulated heat distribution profile when current of 3 mA flows through 10" WL for electro-thermal annealing, (b) extracted cell
temperature along BL direction, (c) extracted temperature according to materials composing a cell, and (d) extracted cell temperature with
various applied power.
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Fig. 4. (a) Simulated mechanical stress distribution profile when current of 3 mA flows through 10" WL for electro-thermal annealing, (b)
extracted von-Mises stress along BL direction, (c) mechanical stress distribution profile along WL direction, and (d) extracted von-Mises stress
according to materials composing a cell.
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Fig. 5. (a) Simulated mechanical stress distribution profile when current of 3 mA flows through 6™ WL for electro-thermal annealing. Extracted
(b) temperature and (c) von-Mises stress along BL direction.
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Fig. 6. (a) Simulated mechanical stress distribution profile when current of 3 mA flows through 13t WL for electro-thermal annealing. Extracted
(b) temperature and (c) von-Mises stress along BL direction.
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Fig. 7. (a) Simulated mechanical stress distribution profile when current of 3 mA flows through 1%, 6", and 10" WLs for electro-thermal
annealing. Extracted (b) temperature and (c) von-Mises stress along BL direction.
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Fig. 9. Extracted (a) WL temperature and (b) von-Mises stress with various WL materials when current of 1 mA flows through 10" WL for
electro-thermal annealing.

Table 2. Electrical and thermal properties of materials.

Coefficient of thermal expansion, B [1/K] Thermal conductivity, K [W/m-K] Electrical conductivity, G [S/m]

Al 22.87%10¢ 238 37.5%10°

Ti 9x10¢ 22 1.9%108

Ta 6.3x10° 57.6 7.7x10°
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