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2022 memory market - breakdown by technology NAND and DRAM market evolution
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memory modules and solid-state drives sold by IDM memory companies.




2022-2028 Stand-Alone Memory Market Evolution m
Breakdown by technology
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Emerging NVM - Key Players and Technologies m

Price and performance in commercial stand-alone products Flash Memory Summit
Price 2022 Density Positﬁon
5: best value . (Max. values. Gb per die)

O: worst value

Endurance

=—=NAND ===PCM ==DRAM ==NOR ===STT-MRAM =—RRAM ==——FRAM
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2022-2028 Stand-Alone Emerging NVM Market m
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I Fast/Reliable Memory (NVRAM)
Code / Data Storage (NOR-like)
I Persistent Memory (NVDIMM)

Bl Low Latency Storage (SCM Drives)

Source: “Emerging Non-Volatile Memory 2023” by Yole Intelligence
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https://www.yolegroup.com/product/report/emerging-non-volatile-memory-2023/
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Wafer Volume Evolution (12" equivalent)
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Embedded Emerging NVM Players m

Overview of strategic alliances towards mass adoption Flash Memory Summit

« Automotive applications will fuel the market growth of embedded emerging NVM from ~2025
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Embedded Emerging NVM for Microcontrollers m

Focus on MCU wafers manufactured at nodes <28nm* — Breakdown by NVM technology (%) Flgsh Memory Summit
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New Emerging NVM Technologies and Players E‘D

Flash Memory Summit

« New memory types are currently in R&D, such as ferroelectric technologies (e.g., FeFET, FTJ), Spin Orbit Torque (SOT) MRAM, Voltage
Controlled Magnetic Anisotropy (VCMA) MRAM, Nanotube RAM (NRAM), Correlated Electron RAM (CeRAM), and more recently
ULTRARAM based on a triple-barrier resonant-tunneling (TBRT) structure.
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Summary & Outlook @©) YOLE M
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 The exit of Intel from the Optane business has dramatically changed the market
perspectives for stand-alone emerging NVM.

* If no new 100Gb-class technologies will be introduced in the coming years, the
stand-alone emerging memory market will be limited to less than $300M.

« The Compute Express Link (CXL) interface with support for persistent memory will
be a sweet spot for connecting stand-alone emerging memory technologies.

* Prospects remain bright for embedded emerging NVM

« The MCU market segment is taking off driven by ongoing technology migrations
towards nodes smaller than 40nm.

 The adoption of ePCM (28nm FDSOI) by STMicroelectronics, eRRAM (28nm at TSMC)
by Infineon, and eMRAM (Ienm FINFET at TSMC) by NXP for automotive applications
confirms the growing maturity, as well the sound dynamics and prospects for
embedded emerging NVM.

* By 2028 ~1M wafers (12" equivalent) with embedded emerging NVM (ePCM, eMRAM
or eRRAM) will be shipped in a market worth ~$2.7B.
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NAND Market Monitor

Status of the Memory
Industry 2023

Solid-State Drives 2023

DRAM Market Monitor

Emerging Non-Volatile
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DRAM Modules 2023
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Thank you for your attention

Simone Bertolazzi, Ph.D.
simone.bertolazzi@yolegroup.com

Yole Group is recruiting for its sales teams in the US, a Sales Manager position is open in Denver area, join us: https.,//careers.yolegroup.com
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