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Phase 1 
Density increase
×4 every 3 years

Phase 2
Density increase
×2 every 2 years

Phase 3
Density increase
×2 every 4 years

Bandwidth per core is decreasing Memory content is growing but DRAM 
scaling has slowed down

Source: Intel, Micron, Yole

MEMORY AND COMPUTING TECHNOLOGY LANDSCAPE
Memory is struggling to keep pace with fast-growing data generation and computing demand
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Compute demand is accelerating
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Low latency is the 
most important 

feature.
Mainly for 

applications 
requiring high 

bandwidth.

HBM, Chiplets, Near- or In-Memory Computing 

Computing
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Memory moves towards computing

Computing moves towards memory or storage

Memory

Data is more 
important for the 

application. 
Mainly for data-

intensive 
applications.

DRAM-based 
processing in memory

Computational storage

Samsung AXDIMM solution Samsung computational 
storage drive solution

APPROACHES TO OVERCOME THE MEMORY WALL – OVERVIEW 
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HBM generation HBM HBM2 HBM2E HBM3 HBM3E HBM4/4E
(expected)

Players with market products

Year of first product release 2014 2018 2020 2022 - 2023 2024 2026

Typical number of dies per stack

(Main packaging approach)

4Hi
(TSV & microbumps)

4-8Hi
(TSV & microbumps)

4-8Hi
(TSV & microbumps)

8-12Hi
(TSV & microbumps)

8-12Hi
(TSV & microbumps)

12-16Hi
(Hybrid bonding for ≥16Hi)

Max capacity per stack 1GB 4-8GB 8-16GB 16-24GB 24-36GB 36-64GB

Die density

(Typical process)

2Gb 
(2x)

8-16Gb 
(2y, 2z)

16Gb
(1y, 1z)(2)

16Gb
(1z)

24Gb
(1a, 1b/1β)

24-32Gb
(1b/1β, 1c/1γ)

Max data rate 1Gbps 2-2.4Gbps 3.2-3.6Gbps 5.6-6.4Gbps 8.0-9.8Gbps ≥ 9Gbps

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

FlashboltFlarebolt
Aquabolt
Aquabolt-XL (PIM)

Icebolt Shinebolt

HIGH-BANDWIDTH MEMORY (HBM)

©2024 Conference Concepts, Inc. – All Rights Reserved

Product Development Overview
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HIGH BANDWIDTH MEMORY (HBM) MARKET

CAGR23-29~48%

CAGR23-29~41%

CAGR23-29~24%

Revenue ($B)

Bit shipments (B GB)

Wafer Production (K WPM)

HBM bit shipments (B GB)

HBM revenue ($B)

HBM wafer production (KWPM)

HBM share of DRAM market (%)

HBM share of DRAM market (%)

HBM share of DRAM market (%)

+170% YoY

+145% YoY

+178% YoY

+169% YoY

+128% YoY

+102% YoY

©2024 Conference Concepts, Inc. – All Rights Reserved
Source: “Next-Generation DRAM 

2024”  by Yole Group



$134B
CAGR23-29 ~17%$52B

(-35% YoY)

HBM:
$5.4B

HBM: $44B
CAGR23-29 ~41%
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SEMICONDUCTOR MEMORY MARKET FORECAST 

2023
$96B

DRAM (NV)SRAM / FRAM

CAGR23-29 ~16%

NORNAND Emerging NVM EEPROM and other

$0.4B

$1B

$0.7B

$2.5B
(-22% YoY)

$1.1B

$0.7B

$0.4B

2029
$234B

$39B
(-33% YoY) $93B

CAGR23-29 ~16%

$4.0B
CAGR23-29 ~8%

Breakdown by technologies

©2024 Conference Concepts, Inc. – All Rights Reserved
Source: “Status of the Memory 
Industry 2024”  by Yole Group
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STT-MRAM: spin-transfer torque magnetic RAM

image credit: Avalanche  

PCM: phase-change memory

RRAM: resistive RAM

High-κ oxide FRAM: ferroelectric RAM

image credit: FMC

EMERGING NVM TECHNOLOGIES AND PLAYERS

Source: “Emerging Non-Volatile 
Memory 2024”  by Yole Group
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2023-2029 EMBEDDED EMERGING NVM MARKET EVOLUTION

2023 2026 2029

84%

11%

4% 1%

3.3
KWPM

71%

19%

7%
3%

23
KWPM

40%

42%

7%

1%
9%

110
KWPM

MCU

eMRAM

eRRAM

ePCM

Revenue (US$M) 
by technology

Analog IC

CIS (buffer RAM)

ASIC and other

Cache memory for (x)PU
(incl. chiplet)

Near- and in-memory computing

22%

6%

72%

$32M

29%

18%

53%

$0.3B

30%

34%

37%

$2.6B

Revenue CAGR23-29 ~ 109%

Wafer Volume (KWPM) 
by application

Wafer Volume CAGR23-29 ~ 80%

Source: “Emerging Non-Volatile 
Memory 2024”  by Yole Group
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MCU MARKET TRENDS – PENETRATION OF EMERGING NVM 

1%

Emerging eNVM

eFlash or NVM-less

1Bu

9%

91%

13 Bu

4%

MCU ≤ 28 nm

MCU > 28 nm

29 Bu

29%

45 Bu

CAGR23-29 ~8%

MCU Market Volume (MCUs ≤28nm)MCU Market Volume (All MCUs)

CAGR23-29~ 105%

2023

2029

CAGR23-29~ 47%
CAGR23-29 ~47%

Source: “Emerging 
Non-Volatile Memory 
2024”  by Yole Group



10

NEAR- AND IN-MEMORY COMPUTING – PENETRATION OF EMERGING NVV   

Near- and in-memory computing

Other embedded applications

Embedded Emerging NVM Market
Wafer Volume (KWPM) 
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Market opportunity for embedded emerging NVM (ePCM, eRRAM, eMRAM)

Embedded Emerging NVM Market 
Revenue ($M)

1%

4%
~$100M

 $-

 $1.0

 $2.0

 $3.0

2023 2025 2027 2029

$
B

Resistive switching technologies with IMC architecture are expected to 
lead the market with more than 50% wafer volume share in 2029

©2024 Conference Concepts, Inc. – All Rights Reserved Source: “Emerging Non-Volatile 
Memory 2024”  by Yole Group
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NEAR- AND IN-MEMORY COMPUTING   

Non-exhaustive lists!

The number of players focusing on edge-AI solutions based on embedded NVMs keeps growing!

©2024 Conference Concepts, Inc. – All Rights Reserved

Source: “Emerging Non-Volatile 
Memory 2024”  by Yole Group
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SUMMARY & OUTLOOK

• Generative AI and high-performance computing (HPC) applications require ever-increasing memory
bandwidth. HBM is the workhorse memory technology for AI 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 (CAGR23-29 ~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 IoTs, wearables, and
edge-AI 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 AI-devices with near- and in-
memory computing (NMC / IMC) architectures. These technologies are progressively gaining maturity
and are expected to start penetrating the edge-AI market from 2027.

©2024 Conference Concepts, Inc. – All Rights Reserved
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YOLE GROUP MEMORY PRODUCTS

Status of the Memory 
Industry 2024

A long hallway with rows of blue lights

Description automatically generated

Emerging Non-Volatile 
Memory 2024

Neuromorphic 
Computing, Memory and 
Sensing 2024

Memory-Processor 
Interface 2023 - Focus on 
Compute Express Link 
(CXL)

Next-generation DRAM 
2024 – Focus on HBM 
and 3D DRAM

NAND Market Monitor DRAM Market Monitor

LPDDR5 Memory 
Comparison

Everspin Technologies 
Latest STT-MRAM in 28nm

A group of columns with text

Description automatically generated

YMTC 232-layer 3D NAND 
Memory

16Gb DDR5 DRAM 
Memory from Micron

A close-up of a computer chip

Description automatically generated

A computer server with blue lights

Description automatically generated with medium confidence

Market Monitors and Reports Technology, Process and Cost Reports

Non-exhaustive lists

Status of the Microcontroller 
Industry 2023

A close-up of a microchip

Description automatically generated

2024 edition coming soon LPDDR5X  Memory 
Comparison coming soon

https://www.yolegroup.com/product/report/status-of-the-memory-industry-2024/
https://www.yolegroup.com/product/report/status-of-the-memory-industry-2024/
https://www.yolegroup.com/product/report/status-of-the-memory-industry-2024/
https://www.yolegroup.com/product/report/emerging-non-volatile-memory-2024/
https://www.yolegroup.com/product/report/emerging-non-volatile-memory-2024/
https://www.yolegroup.com/product/report/emerging-non-volatile-memory-2022/
https://www.yolegroup.com/product/report/neuromorphic-memory-and-computing-2023/
https://www.yolegroup.com/product/report/neuromorphic-memory-and-computing-2023/
https://www.yolegroup.com/product/report/neuromorphic-memory-and-computing-2023/
https://www.yolegroup.com/product/report/memory-processor-interface-2023/
https://www.yolegroup.com/product/report/memory-processor-interface-2023/
https://www.yolegroup.com/product/report/memory-processor-interface-2023/
https://www.yolegroup.com/product/report/memory-processor-interface-2023/
https://www.yolegroup.com/product/report/next-generation-dram-2024/
https://www.yolegroup.com/product/report/next-generation-dram-2024/
https://www.yolegroup.com/product/report/next-generation-dram-2024/
https://www.yolegroup.com/product/monitor/nand-market-monitor-/
https://www.yolegroup.com/product/monitor/dram-market-monitor/
https://www.yolegroup.com/product/monitor/nand-market-monitor-/
https://www.yolegroup.com/product/monitor/dram-market-monitor/
https://www.yolegroup.com/product/report/lpddr5-memory-comparison-2022/
https://www.yolegroup.com/product/report/lpddr5-memory-comparison-2022/
https://www.yolegroup.com/product/report/lpddr5-memory-comparison-2022/
https://www.yolegroup.com/product/report/everspin-technologies-latest-stt-mram-in-28nm/
https://www.yolegroup.com/product/report/everspin-technologies-latest-stt-mram-in-28nm/
https://www.yolegroup.com/product/report/everspin-technologies-latest-stt-mram-in-28nm/
https://www.yolegroup.com/product/report/ymtc-232-layer-3d-nand-memory/
https://www.yolegroup.com/product/report/ymtc-232-layer-3d-nand-memory/
https://www.yolegroup.com/product/report/ymtc-232-layer-3d-nand-memory/
https://www.yolegroup.com/product/report/16gb-ddr5-dram-memory-from-micron/
https://www.yolegroup.com/product/report/16gb-ddr5-dram-memory-from-micron/
https://www.yolegroup.com/product/report/next-generation-dram-2024/
https://www.yolegroup.com/product/report/memory-processor-interface-2023/
https://www.yolegroup.com/product/report/neuromorphic-memory-and-computing-2023/
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2023/#:~:text=A%20modest%20decline%20to%20%2422.9,%25%20(2022%2D2028).
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2023/#:~:text=A%20modest%20decline%20to%20%2422.9,%25%20(2022%2D2028).
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2023/#:~:text=A%20modest%20decline%20to%20%2422.9,%25%20(2022%2D2028).
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2024/
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2024/
https://www.yolegroup.com/product/report/status-of-the-microcontroller-industry-2024/
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Thank you for your attention

Simone Bertolazzi, Ph.D.

simone.bertolazzi@yolegroup.com

mailto:simone.bertolazzi@yolegroup.com
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