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Key performance metrics

m Data retention

0 Good glass stability
= Programming speed — m Trade-off

a Fast crystallization ———

m Recording density
0 Size dependence of material properties, driver size
m Endurance (cycle lifetime)
0 Electromigration and phase stability
m Power consumption
0 Enthalpy of melting, heat capacity O =A4H, + RT'; C,dT

0 Low thermal conductivity
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Ge-Sb-Te (GST) phase change alloy

\\\\

0 Main commercial composition \

O Stressed rigid 3-D network / \
m Fast switching compositions +
[ Ge;sSbgs, Sb,Te
m High thermal stability alloys GeTej//
O (Ge,ShsTe,),(Ge), isostalié

P/ \
compo/s1t|ons N
A

= Amorphous: covalent Te

SbTe: op Te, Sb Te
m Crystal: resonant bonding

Phys. Rev. B 81, 174206 (2010);
Solid-State Electron. 111, 27 (2015).
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Ge-Sb-Te (GST) phase change alloy

= Pseudo-binary alloy: (GeTe),(Sb,Tes), Ge -
0 Main commercial composition -3‘7’8
O Stressed rigid 3-D network gg%
y 220
Fast switching compositions | 210
B witching positi CoTe 200
0 Geq5Sbgs, SbyTe / izg
m High thermal stability alloys / |
0 (Ge,SbyTe,),(Ge), |
m  Amorphous: covalent To T ‘S‘b‘z'lze; NS o

m Crystal: resonant bonding

Phys. Rev. B 81, 174206 (2010);
Solid-State Electron. 111, 27 (2015).

Fig. 2 in Paola Zuliani, et al, "Engineering of chalcogenide materials for embedded
applications of Phase Change Memory," Solid-State Electronics, Volume 111, 2015, Pages
27-.31, https://www.sciencedirect.com. Used with pemmission 5
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Structure of cubic Ge,Sb,Te; (225) alloy
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GeTe-Sb,Te; pseudobinary phase diagram
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T-T-T diagram of GST phase change alloys
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Re-writable CDs and DVDs
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Phase change memory (PCM)
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Phase change memory (PCM)

m Electrodes used for both programming and read-out

1.8 c
’ ol
Metal 1 1.41 RESET current
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N . 0.2 l0.4
Read voltage regime
— Device Volt

m Threshold switching: electric field driven bistability
0 Transient behavior: electronic in nature, no structural change
0 Contributes to reduced SET voltage

S. Hudgens and B. Johnson, MRS Bull. (2004); Phys. Rev. B 78, 035308 (2008).
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Where does PCM stand against competitors?

https://news.hpe.com/beyond-dram-and-flash-part-2-new-memory-technology-for-the-data-deluge/

Memristor | PCM DRAM Flash HD
::F*:'}p WEAPSrRE 8-16 6-8 4-3 n/a
Energy per bit (pJ)* | 0.1-3 2-100 0.1-1 2-4
Read time (ns) <10 20-70 10-30 10-50
Write time (ns) 2030 50-500
Retention >10years | <10 years ~10 years
Endurance (cycles) | ~10* 10-10° 10%7?
3D capability Yes n/a
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3D XPoint: a likely (?) PCM technology

OPTANE»

3D XPoint™ Technology:

An Innovative, High-Density Design Memory 8

Cross Point Structure _ ) Stackable
Perpendicular wires connect submicroscopic " ) These thin layers of memory can be
columns. An individual memory cell can be e stacked to further boost density.
addressed by selecting its top and bottom wire.

Selector
- Whereas DRAM requires a transistor
Non-Volatile ’ == at each memory cell—making it big
3D XPoint™ Technology is 4 and expensive—the amount _of
non-volatile—which means your data 5 voltage sent to each 3D XPoint™
doesn't go away when your power goes > Technology selector enables its
away—making it a great choice for storage. 7 memory cell to be written to or read
without requiring a transistor.

High Endurance g R
i . Memory Cell

Unlike other storage memory technologies, 3D XPoint™
Technology is not significantly impacted by the number
of write cycles it can endure, making it more durable.

Each memory cell can store a single
bit of data.

https://www.intel.com/content/www/us/en/architecture-and-technology/optane-technology-animation.html
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Reversing engineering reveals...

WORDLINE

H SELECTOR |

Both the memory and the selector cros Jil
are based on chalcogenide alloys =~ & |

) e \’

i
| (intel 3D XPoint™ Technology

© Techlinsights Inc. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/
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30 XPOINT™ MEMORY MEDIA

Breaks the memory/storage barrier

MEMORY + STORAGE

SRAM

Latency: 1X
Size of Data: 1X

3D XPoint™
DRAM | Lenov:-100X | NAND SSD HDD
Latency: ~10X e ', ! Latency: ~100,000X Latency: ~10 Million X

Size of Data: ~100X N Size of Data: ~1,000X Size of Data: ~10,000X

NVM Solutions Group

© Intel Corporation. All rights reserved.

Intel® Optane™ Technology Workshop
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Applications beyond data storage: optics

0T

S0 — GeTecrystalline | -
== GeTeamorphous| -

W e
() o
T T T '!' T

Large optical property contrast in GeTe due to change of bonding type
from crystalline (resonance) to amorphous (covalent) phase

Chem. Rev. 110, 240-267 (2010).

© American Chemical Society. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/ 4@


https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/

" A
Optical properties of Ge,Sb,Te; (225) alloy
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Data from Nat. Commun. 10, 4279 (2019)
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All-optical, multi-level on-chip memory
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Nat. Photonics 9, 725 (2015)
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All-optical, multi-level on-chip memory
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Optica 6, 1-6 (2019)

Xuan Li, Nathan Youngblood, Carlos Rios, Zengguang Cheng, C. David Wright, Wolfram HP Pernice, and Harish Bhaskaran, "Fast and reliable storage using a 5 bit, nonvolatile

photonic memory cell," Optica 6, 1-6 (2019). License: CC BY 4.0.



"

Optical switching and non-volatile display

electrode
Mirror

Chalcogenide
Meta-switch

Optical switch

UNIVERSITY OF

OXFORD

? Applications involving bistable states Electronic paper display

Nature 511, 206 (2014); Adv. Mater. 25, 3050 (2013)
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Blue light absorbed and
material appears yellow

Vivid State:
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MIT News

ON CAMPUS AND AROUND THE WORLD £ SUBSCRIBE v BROWSE SEARCH NEWS Q

New “metalens” shifts focus without
tilting or moving

The design may enable miniature zoom lenses for drones,
cellphones, or night-vision goggles.

Jennifer Chu | MIT News Office
v PRESS INQUIRIES
February 22, 2021

HV mode | det {[mag B | WD HFW S5yum ——
5.00kV| SE |[ETD|[8000x /4.0 mm [16.0 ym Helios

Nat. Commun. 12, 1225 (2021)

Fig. 1 in Shalaginov, M.Y., An, S., Zhang, Y. et al. Reconfigurable all-
dielectric metalens with diffraction-limited performance. Nat Commun 12, 22
1225 (2021). License: CC BY.
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Further readings

m Phase Change Materials: Science and Application, Springer
(2009)

0 Google book link

m Emerging Non-Volatile Memories, Springer (2014)

0 Download link (MIT certificate required)

m “Phase change materials and phase change memory,” MRS Bull.
39, 703 (2014)

m “Designing crystallization in phase-change materials for universal
memory and neuro-inspired computing,” Nat. Rev. Mater. 4, 150-
168 (2019)
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