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[1] S.B8scke et al.,IEDM (2011). [2] M. H. Park et.al. J. Mater. Chem. C (2017). [3] J. Miiller et al., IEDM (2013).
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Table MM04 - More Moore Memory - NVM Technology Roadmap

s A

New Technology Presentation Meetings!

YEAR OF PRODUCTION 2018 2020 2022 2025 2028 2031 2034
G54M386 G48M30 G45M24 G42M21 G40M16 | G4OM16T2 | GAOM16T4

Logic industry "Node Range"” Lab-"~~ "==" ne e e he ".5" "1.0 eg” "0.7 eq"”

IDM-Foundry node labeling 100G i2.1-f1.5 | i1.5e-f1.0e | i1.0e-f0.Te

Mainstream device for logic SFE ‘age LGAA LGAA-3D | LGAA-ID

FeRAM technology node — F (nm) [ W 13“"*@

MET1 1/2 Pitch - F{nm) ’%“ 1G = - i b

FERAM CEH size —areafactorainm £

100M | .

FeRAM capacitor structure [5] E‘ Code Storage | stack | stack |

FeRAM capacitor footprint (um2) [6] 0.067 0.067

FeRAM capacitor active area (Lm2) 10M 0.067 0.067

FeRAM cap active area/footprint rati 1 1]

Ferro capacitor voltage (V) [9] 6laF2 _F2:| Cell Size L L

FeRAM minimum switching charge M : 26.5 26.5

FeRAM endurance (read/write cycle 1IE9 1E8 1E7 1E6 1ES 1E4 1E3  1E-2 BT IR - N [

FeRAM nonvolatile data retention (y

Program/Erase Time (s)

-O—K<y7D)IL#EEIXIT/1C
20022F LIELILEEDEENANE
-MFSFETIZ XYL - S EEILEEIR

[1] IRDS URL: https://irds.ieee.org/editions
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[1] T. Schenk, Formation of Ferroelectricity in Hafnium Oxide Based Thin Films, Books on Demand (2017).
[2] T. S. Boscke et al., IEDM11-550 (2011).
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/> E—7JFe-HfO,(5 nm, 500°C) ZHARR(ELEME)
g = _—
Pt HfO,
Ferroelectric TiN/HfO,/SiO, 4 Pt/HfO,/SiO, ) TaN/HfO,/SiO, = : Si
Undoped-HfO, FET | (This work) [17] [18] /
FE-Oxide HfO, (ALD) HfO, (sputter) HfO, (ALD)
Thickness 6 nm 10 nm 4 nm /
Memory Window 0.5v 1.2V 0.045V
(?V,) (Vpe=15V) |(DCsweep, 22.5V)| (DCsweep) ]
Retention (sec) > 104 NA NA E
Endurance (cycles) 5x 104 \_ NA Y, NA :
oy 0 { 25 —

[1] J.W. Shin, S. Ohmi et al, DRC, 29 (2021).

Gate Voltage [V]

20 [deg.]l
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[2] S. Ohmi et al, IEEE TED, 68, 2427 (2021).
[3] J.-D. Luo et al, IEEE EDL, 42, 1151 (2021)
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[1] S. Ohmi et. al, DRC2019 (2019). [2] C. Hu et. al, Scripta Materialia 108, pp.141-146 (2015).
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& HfN, EFE(10 nm)

» Ar/N,=8/8 sccm, microwave/RF=500/400 W

€ HfN,#%5(20 nm)
» Ar/N,=10/0.2 sccm, microwave/RF=500/400 W

In-situ

¥ PMA or PDA (RTA)
» N, 1 SLM, 400-500°C/5 min
AL Al L B E 1S HE 7S
XRD N
INR—=2%" (50 X 50 um2)
AlT BB BB HE TR
Al
P'Viﬂlli PDA : Post Deposition Annealing

PMA: Post Metallization Annealing

[1] Z. Gu et. al, Acta Materialia 90, pp.59-68 (2015). [2] N. Atthi et. al, SDM2015-82 (2015).
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[1] C. Hu et. al, Scripta Materialia 108, pp.141-146 (2015). [2] Z. Gu et. al, Acta Materialia 90.
[3] S. Ohmi et al, IEEE JEDS (2021). [under review]
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[1] S. Ohmi et al, IEEE JEDS (2021). [under review]
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[1] S. Ohmi et al, IEEE JEDS (2021). [under review]
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[1] S. Ohmi et al, IEEE JEDS (2021). [under review]
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[1] S. Ohmi et al, IEEE JEDS (2021). [under review]
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