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Overview
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Ferroelectric HZO fundamentals

Applications of ferroelectric devices come in 3 basic flavors:
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Ferroelectric HZO — how to modulate the response

¥ 20 15 S
£ |(b) —20[(a) Pt T 2
2 £ S1of e 1353
215 o0 O |o— £
B = =5 125 E
= ® —~ 20 P . . 5 - o &
ﬁ g [| @ Initial . ‘20_'2| - 0'0 2'5 ol— i i3 [With TE | [TE Etched] | [NoTE | :|-E
= 10 o (L= WokenUp 7 : AR ' Pt TaNW (b) | e
8 o o | E (MV/cm) ol
5 c °f o ~20[(6) TaN] ] _~20[(c) W] |
£ 5} = - £ £ =
Q © O O L. |
= ® N [ | ® a Of ! a 0 5
2 5 of ] g 2
g 02 ' ' : -— 2 ® 20 1 820} ] § @ Ql
€ 0.00 025 050 075 1.00 « | 53500 55 35 00 25 £ '
Fraction Zr in Hf,_ Zr O, o 5T . E (MV/cm) E (MV/cm) .
S Fields et al., Appl. Phys. Lett. 118 ® | 3
1021960 18(6203 1’) PPL TR ’ g [ “ 1 Fields, Shelby S., et al. "Phase-exchange- -2n
X ol el driven wake-up and fatigue in ferroelectric ) .
0 5 10 15 20 25 hafni . . de fil " ACS R 0 2 -2 0 2 2 0 2
Thickness (nm) afnium zirconium oxide films. P -
" [ "Thickn applied materials & interfaces 12.23 Fields, Shelby S., et al. "Origin of Ferroelectric
Smith, Sean W., et al. "Thickness (2020): 26577-26585. Phase Stabilization via the Clamping Effect in

scaling of pyroelectric response in thin
ferroelectric Hf1— x Zr x O2 films."
Applied Physics Letters 113.18 (2018):
182904.

Ferroelectric Hafnium Zirconium Oxide Thin
Films." Advanced Electronic Materials (2022):
2200601.

@ Sandia National Laboratories



Ferroelectric HZO demonstrated with NbN electrodes
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Polarization of HZO occurs well with a ferroelectric phase yielding a 2P_at 28 uC/cm?.
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NDbN electrodes degradation, due to RTA
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Ferroelectric HZ0O demonstrated with Nb electrodes
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Polarization of HZO occurs well with a ferroelectric phase yielding a 2P, close to 36 uC/cm?.
Note two important attributes: 2P increased by 30% and P-P_ decreased.
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Addition of linear dielectric to ferroelectric
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Impact of linear dielectric to ferroelectric
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Working towards a FERAM...
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Ferroelectric Tunnel Junctions
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Fig. 1. (a) Schematic qf the ferroelectric HZO-based capacitors fabri- Fig. 1. (a) Differential synaptic cell using two FTJ devices. © 2021 IEEE.
cated and energy band diagrams for FTJ at (b) ON-state and (c) OFF-state. Reprinted, with permission, from [8]; (b) differential synaptic cell using
multiple parallel FTJ devices.
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Beginning development of a manufacturable FTJ
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Cycling of the NbN/HZO/Nb FTJ
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S0, reverse the electrodes... Nb as the bottom electrode.
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Conclusions

* Ferroelectric HZO and HfO, on NbN and Nb
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