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MEMORY AND COMPUTING TECHNOLOGY LANDSCAPE @YOLE

Intelligence
Memory is struggling to keep pace with fast-growing data generation and computing demand

Compute demand is accelerating Bandwidth per core is decreasing Memory content is growing but DRAM
scaling has slowed down
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APPROACHES TO OVERCOME THE MEMORY WALL - OVERVIEW @
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HIGH-BANDWIDTH MEMORY (HBM) 533335 5395 53

Product Development Overview

HBM generation HBM4/4E
(expected)
SAMSUNG L SAMSUNG ¥ SAMSUNG =
Players with market products S'z’al:l’ynix Flarebolt SK hynix Flashbolt S hymix ?igﬂO%UNG S'??)’"ix Shinebolt SK hynix SAMSUNG S'z,’l:ynix
235322;;)@ (PIM) 4cron asicron Ascron
Year of first product release 2014 2018 2020 2022 - 2023 2024 2026
Typical number of dies per stack 4Hi 4-8Hi 4-8Hi 8-12Hi 8-12Hi 12-16Hi
(Main packaging approach) (TSV & microbumps) (TSV & microbumps) (TSV & microbumps) (TSV & microbumps) (TSV & microbumps) (Hybrid bonding for 216Hi)
Max capacity per stack 1GB 4-8GB 8-16GB 16-24GB 24-36GB 36-64GB
Die density 2Gb 8-16Gb 16Gb 16Gb 24Gb 24-32Gb
(Typical process) (2x) (2y, 22) (ly, 1)@ (12) (Ta, 1b/1 B) (1b/1 B, ]C/1Y)
Max data rate 1CGbps 2-2.4Gbps 3.2-3.6Gbps 5.6-6.4Cbps 8.0-9.8Cbyps > 9Cbps
Effective bus width 1,024 1,024 1,024 1,024 1,024 2,048
Max bandwidth per stack 128GB/s 205-307GB/s 460GB/s 819GB/s 1.2TB/s >2TB/s

)
—MS @ YOLE ©2024 Conference Concepts, Inc. — All Rights Reserved

Intelligence



HIGH BANDWIDTH MEMORY (HBM) MARKET @©YQLE
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SEMICONDUCTOR MEMORY MARKET FORECAST @YOLE
Breakdown by technologies

Intelligence
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EMERGING NVM TECHNOLOGIES AND PLAYERS

RRAM: resistive RAM
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PCM: phase-change memory
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STT-MRAM: spin-transfer torque magnetic RAM
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2023-2029 EMBEDDED EMERGING NVM MARKET EVOLUTION (() YOLE

Intelligence

Revenue (US$M) 29% 30%
by technology e
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Wafer Volume CAGR 54 ~ 80%
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MCU MARKET TRENDS - PENETRATION OF EMERGING NVM @YOLE

Intelligence

MCU Market Volume (All MCUs) MCU Market Volume (MCUs £28nm)
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NEAR- AND IN-MEMORY COMPUTING - PENETRATION OF EMERGING NVV
Market opportunity for embedded emerging NVM (ePCM, eRRAM, eMRAM)

Embedded Emerging NVM Market
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Resistive switching technologies with IMC architecture are expected to
lead the market with more than 50% wafer volume share in 2029
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Embedded Emerging NVM Market
Revenue ($M)
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- Near- and in-memory computing

- Other embedded applications
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NEAR- AND IN-MEMORY COMPUTING

The number of players focusing on edge-Al solutions based on embedded NVMs keeps growing!
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SUMMARY & OUTLOOK @)

Generative Al and high-performance computing (HPC) applications require ever-increasing memory
bandwidth. HBM is the workhorse memory technology for Al workloads in data centers.

The HBM market is soaring. Revenues are anticipated to climb from $5.4B in 2023 to >$14B in 2024, and
future growth is poised to remain robust (CAGR,z 54 ~41%).

Embedded emerging NVM technologies (MRAM, PCM, and RRAM) continue to gain momentum for
code and data storage in microcontrollers (MCUs) and low-power SoCs ASICs for loTs, wearables, and
edge-Al devices.

The lack of a cost-competitive eFlash solution at geometries smaller than 28nm is the main reason
driving top foundries and IDMs to invest actively in embedded emerging NVM technologies to be
integrated at nodes < 28nm.

We forecast that ~1.2 billion MCUs will incorporate embedded emerging NVMs in 2029 (i.e., ~9% of MCUs
<28nm).

Emerging NVMs are being heavily investigated for low-power edge Al-devices with near- and in-

memory computing (NMC / IMC) architectures. These technologies are progressively gaining maturity
and are expected to start penetrating the edge-Al market from 2027.
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Thank you for your attention

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