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m ReRAM Market Opportunities

Flash Memory Summit
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m ReRAM usage

Flash Memory Summit

For Memory For Al

Integrated in the back-end metal layers Combines storage and computation
Power efficient Promising for analog computing

Extremely scalable Robust and even utilize noise
Byte alterable Power efficient, dense, non-volatile

Potential game-changer in a wide range of applications

Flash Memory Summit 2019 @Weet’itnano
Santa Clara, CA The Future Memory



m Outline

Flash Memory Summit

= Weebit overview
= Market opportunities

= Challenges and solutions in ReRAM
development

= Conclusions

Flash Memory Summit 2019 @WEEbitnano

Santa Clara, CA The Future Memory



m Intrinsic variability

Flash Memory Summit

Cycle to Cycle the filament formation is a little different
Gap length and defects distribution in the gap varies
Leads to variability in the resistive states
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m How to solve variability iIssues

Flash Memory Summit
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m ~ Variability optimization
Flash Memory Summit 5 imized programming schemes and smart

architectures development are key ways to overcome
the inherent variability problems:

Smart operation — adaptive forming and programming

algorithms:

Smart Programming " Smart architecture

A
' \ 2 +4
Prog. time ; Z985 _ooisf s
| ' g % z _—

E 1 “5 ; 3 70 2 om0k 1 1 | Column decoder |
© [ J = 40 i Jouty ” out, Jouts, ©
= L it £ 10] LRS 5 . PcSA |[ pcsA | [ pcsa |
8 2 4 5 0.005 E;ro:;sype. 1 — | sssss B B BLb, lm,, BLb,,I 8

o 4 46 . bt .y 1
n Q . N RS WL (L L1 L T 1 =
a | 50ns —0,01 - — E 0.000 sl gt s deh Ry
4 Ul 10° 00 10 10 B £3 £ 22 | W
= i - ! i:\gegstance (QO) s . Se L 3T L7 st ool g =
¢ - - S I e

c : i R 191 Loy
7 s [= : i [351/3¢51 [3%] 3
g Zo95) 140 : JEr e |8
0 ] T 95 P 0.004 y =8| ¢ i : i m
) | : $ 70 % Z oooaf 1 o 1| <
° Tt i . e RAR AR 3

' £ 10 LRS HRS H © 0.002 f; S 3 $3 1.1 3%%
5} = - L_J
Sfop When §: 1 Ao ‘.‘ g 0.001 Bl,  Blby BL,  Blb, Bl Blb,
programmed —0,01 . Y. H w o | Column decoder I
? . o ° - 0.000
o R%%lstancéo(ﬁ) 1o . BL:HRS/ BL:LRS/ BL  BLb|

Flash Memory Summit 2019 ' b B (’[WEEbitnano

Santa Clara, CA The Future Memory



o ~ Why Silicon Oxide

Physical Characteristics

= High bandgap material - large resistive window
= Low leakage

= Low HRS variability

= High temperature stability

Manufacturability characteristics

= Full CMOS compatibility
= High manufacturability

5 T E. Ambrosi, Faraday
. Any Fab o G~ e Discussions 2019

« Any process
» Any deposition technique

= Easily tunable
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Weebit-Letl Development Partnership

The Weebit-Leti development collaboration
IS yielding promising results:

= SiOx ReRAM development kicked of in 2016

Mbit arrays demonstrated at 40nm memory size
Continuous improvement of technical parameters
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m Weebit-Leti Neuromorphic Demo

Flash Memory Summit

= Fully connected Spiking Neural Network combining analog
neurons and SiOx ReRAM synapses

= Demonstrating MNIST digits recognition

First fully-integrated SNN using resistive memories as synaptic
elements and analog neurons

Weebit SiOx
ReRAM array
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Hear
my talk on
neuromorphic
computing

Thursday Al/ML
session-301-1

See our live demo
on CEA/Leti booth
#852
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