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Resistive-switching materials and memories

Topic = Resistive switching random access memories (RRAM)

* First observation in the 1960s [J.G. Simmons and R.R. Verderber, The
Radio and Electronic Engineer, 81 (1967)]
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* Recently many reports about RRAM: e [] G
ol ]—"‘
— W. W. Zhuang et al., IEDMO02 (Sony) -Z“ I
— |. Baek et al., IEDMO04 (Sam.sun.g) 1015 :mg_@’?!_; ] 1_5
— IEDMO05-07: about 15 contributions on RRAM = e &

Bias Voltage (V)

Resistive memories offer the potential for 4F2 cross-point memory cell
a highly attractive for mass-storage application
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Aim of the project

Investigate emerging non volatile memories based on resistive switching
In dielectric layers:

« Materials issue (deposition, integration, process compatibility)
* Integration of RRAM cells and arrays

 Feasibility of low-voltage/low current set/reset switching
 Cell reliability (endurance, data retention)

 Physical mechanisms/models for switching and reliability

o Scaling potential (reset current, forming/set voltage)

o Feasibility of 4F2 cross-point architectures
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Schedule of the project

EMMA vear 1
O1-03 5 04-065 05001 10-12

year 2
W 16-18510-2152

wear 3
25-2702B-30831-33134-34

1 Memory Materials and electrode technology
1.1 Su-TCH based systems
1.2 Binary oxide based systems

Z Cell integration technology

2.1 Cell integration concepls & iests
2.2 Fabrication of te st subsirate wafers

2.3 posi-processing
X Electrical and reliability characterizaticn
3.1 Devize characterization

3.2 compact modelling
3.3 Reliability ewauaton

4 Physical mechanisms, Modeling, and Scaling
4.1 Cperatinn mashanism
4.2 Modefng

4.3 Degradation mechamnisrm and re liability
4.4 Sca nﬁﬁtudies

3 Systemn design
5.1 Memory crganization
5.2 Operatimg Conditicns
5.3 Archiectural limitaticns
& Management

8.1 co-crdinaton
#.2 manzpernent
A.2 dscemination, proteslion, wse
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Schedule of the project

EMMA vear 1
O1-03 5 04-065 05001 10-12

year 2
W 16-18510-21

wear 3
25-2702B-30831-33134-34
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1 Memory Materials and electrode technology
1.1 Su-TCH based systems
1.2 Binary oxide based systems

Z Cell integration technology

2.1 Cell integration concepls & iests
2.2 Fabrication of te st subsirate wafers

]

2.3 posi-processing

X Electrical and reliability characterizaticn
3.1 Devize characterization
3.2 compact modelling

3.3 Reliability ewaluation

4 Physical mechanisms, Modeling, and Scaling
4.1 Operation mashanism
4.2 Modefng
4.3 Degradation mechamism and re liability
4.4 Scaling siudies

3 Systemn design

A Memory organization

-

-2 Operating Conditions

£ fh in

.3 Archatectural limitations

& Management
8.1 co-crdinaton
#.2 manzpernent
A.2 dscemination, proteslion, wse
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IUNET Iinvolvement

« WP3 - Electrical and reliability characterization

— Task 3.1 — Device characterization (methodologles ormlng set, reset)

— Task 3.2 — Compact modeling

— Task 3.3 — Reliability evaluation (endurance, retention, radiation) o

« WP4 - Physical mechanisms, modeling and scaling (operation
mechamsms modelmg degradation mechanisms and reliability,
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WP3 results: NiO switching

2
10”7 T T T T T T 1 10 E
107k - :
— E — _3 |
<o < 10
s = ;
= -48 = -
2 10 B 15
O ; _
; O 10 .
10 . i 3
| Forming .
10-6 - | | | | | | | _’7 7
0 2 4 6 8 10 12 14 16 18 10 L
Voltage [V] 3 4
| Voltage [V]
m = %y, POLITECNICO
IU. Bertinoro (FC), 24/11/2007 4800\ o1 Mitano
[ D I

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

NIO endurance
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Data retention
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Results in WP4: reset and data loss mechanisms and modeling

 Analysis of the reset mechanism:
— what is the physics of the reset process?

— which are the physical parameters controlling the reset current?
How to scale down the reset current?

— |Is there a relationship between reset and retention properties?
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Thermal-dissolution of the conductive filament
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Metallic filament (ohmic +
positive CRT)

Heat dissipation +
diffusion of conductive
species

Local, thermally-activated
dissolution of the
conductive filament
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Electro-thermal model for reset
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Data retention and reset current scaling
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For detalls see U. Russo, et al., “Conductive filament switching analysis

and self-accelerated thermal dissolution model for reset in NiO-based
RRAM,” IEDM 2007
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Summary

« EMMA is a wonderful opportunity for [IUNET to express its top scientific
profile within a European environment on a new, exciting technology

 NiO-based RRAM displays highlights (unipolar switching, large window
R e/ Rse>10) and lowlights (forming required, retention = 1h at 100°C)

 Reset operation and retention understood, physical model is available
 Qutlook:

— Pulsed operation on analytical cells to benchmark RRAM vs. Flash, PCM, etc.
— Current scaling and retention requires analysis, modeling and optimization

— Compact modeling for simulations of memory cells/arrays

EEENENEN
IU Bertinoro (FC), 24/11/2007 .
nConOnno p
PDF created with pdfFactory Pro trial version www.pdffactory.com

B POLITECNICO
d&oer~Y DI MILANO
il



http://www.pdffactory.com
http://www.pdffactory.com

