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Memory technologies — The state of the art
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The NAND Storage Technology
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Processing and storing data in Al effectively and cost efficiently can require HBM for the actual Al training, but
also various types of NAND-based solid-state storage to support the data flows needed to and from the HBM.




Vertical NAND Scaling
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Vertical NAND Scaling
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Vertical NAND Scaling

2014 2022-2025
First 3D NAND, Samsung Samsung 236L TLC
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Challenges of vertical NAND flash scaling
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The future of NAND flash technology

Gate stack (< 19 nm)

Oxide Filler

FE+IL
(<20 nm)

(Channel/ Bitline)
Poly Si

Word line

To accommodate the core-shell structure within the hole
diameter of 100 nm of the vertical NAND string, the
8 thickness of the gate stack is limited to ~20 nm

TLC: 3 bits/cell > 8 Vt level MW =~ 6V

Vit

QLC:4 bits/cell > 16 Vt level MW ~ 7.5V

Design constraints
Gate stack thickness, t < 19 nm
Write voltage < 15V
Memory window, MW > 6.5V



Ferroelectricity
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Ferroelectric flash
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FEFET is a FET wherein the threshold voltage gets _
shifted by the direction and magnitude of the “remnant” polarization. T oo
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Ferroelectric flash
Poly-Si
channel
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Ferroelectric flash
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Memory window of FEFETs is limited by V.
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Memory window of FEFETs is limited by V.
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Increasing the MW by dielectric insertion
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Memory window of FEFETs is limited by V.
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Increasing the MW by dielectric insertion
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Position and choice of the dielectric
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Position and choice of the dielectric
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Increasing the MW by dielectric insertion
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Increasing the MW by dielectric insertion
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Increasing the MW by dielectric insertion
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MW enhancement mechanism by screening charges

HZO
> r >

Charge Electric Electric

= v Density Field v Potential

Conventional MFIS » The screening of FE polarization bound charge at FE/IL

(tyzo =19 NM) interface decreases the MW by lowering the overall potential
generated by FE bound charges Georgia
Cr Tech,,
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MW enhancement mechanism by screening charges

v Charge Electric ,
= Density Field v Potential

FE gate stack
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» The screening charges at interfaces between the inserted ALO layer
and FE can help to increase the MW by inducing the additional dipoles
across the TDL in the same direction as FE polarization. Gl" Georgia
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What about reliability of ferroelectric NAND?
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Ferroelectric NAND gate stacks

FE Gate blocking layer (GBL) Tunnel dielectric layer (TDL)
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HZO Al,O3; 3 nm
19 nm
14 nm HZO 8 nm
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Retention characterization
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Retention characterization
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A pass voltage is applied to unaddressed cells while accessing a different cell along the
bit line. This pass voltage could disturb the V7 of the cell either due to electron trapping or

polarization back switching. Georgia

Venkatesan, P., Park, C., Song, T., Fernandes, L., Das, D., Afroze, N., ... & Khan, A. (2024). Disturb and its mitigggion in Ferroelectric Igr Tech.
Effect Transistors with Large Memory Window for NAND Flash Applications. IEEE Electron Device Letters. [Editors’ Pick]
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Lateral charge migration

Charge Trap Flash .

Oxide

CTN
BO I TO

| |

™
BO '70 Oxide

WLN+1

WLN+1

Wi

WLN-1

WLN

00 0 ¢ 9390 ) 0 0 0
In‘éell

WLN-1

Lateral charge migration
prevents aggressive Z-scaling
for 3D NAND.
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The nature of trapped charges at the

ferroelectric—interlayer interface will
determine the scaling potential of
ferroelectric 3D NAND technology. la
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What about reliability of ferroelectric NAND?
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Ferroelectrics for Future NAND Storage Technology
Ferroelectric augmentation can provide enable NAND scaling in future generations
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First 3D NAND 300+ Layers, QLC Gr Georgia
24 Layers, MLC 5 Trillion+ transistors Tech.
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