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Global Memory Market

NAND Flash Memory: Evolution, Current Innovations
and Future Outlook

e Long-term NAND dynamics: TAM growth acceleration in the next three Technology - Semiconductors
years from long-term average of 10%. Tracing NAND dynamics over the Jay Kwon A¢

past 25 years, we have seen bit demand growth decelerating on maturing end (82-2) 758-5725
applications, compensated by slowing ASP decline. Surging eSSD demand is jay-h.kwon@jpmorgan.com
shifting the TAM growth profile from sub-10% to 30+% (next three years’ 3P Morgan Securities (Far East) Limited, Seoul
CAGR, per JPMe). Layer mlgratlonA enables gr_eatf:r bit productivity and_ cqst Neelay Y Kamath
reduction vs DRAM, but poor margin economics in the past few years limits (91-22) 6157 3764
suppliers from undertaking aggressive capacity expansion, thus we see neelay.kamath@jomchase.com
disciplined capex spending. NAND unit economics are on a clear improvement J.P. Morgan India Private Limited
trajectory, and we forecast NAND revenue per Kwfpm to move up steadily to Sangsik Lee
US8102k by 2027E from US$55k in 2025E or US$34k five years ago. (82-2) 758 5146
. . .. . sangsik.lee@jpmorgan.com
e NAND becoming Al enabler with rising eSSD consumption for J.P. Morgan Securities (Far East) Limited, Seoul
inferencing. After its initial demand boom during the 2016-"18 datacenter Branch
capex cycle (bit mix: 8% in '15 to 18% in '18), we have witnessed continued Mio Shikanai

above-industry eSSD demand growth (+31% vs industry at +22%) throughout (81-3) 6736 1313
last year (‘18-25E). With Al inference driven storage demand proliferationand ~ ™io-Shikanai@jpmorgan.com

. . . JPMorgan Securities Japan Co., Ltd.
several new technical approaches to address KV Cache offloading (i.e. context

memory storage), we expect substantial eSSD content growth acceleration in
the next 3 years to 900EB (eSSD bit demand CAGR of +49% from 25E-28E
or bit mix 53% by 28E, per JPMe). We are also witnessing a positive SSD
demand tailwind from HDD supply tightness, incentivizing QLC-based
nearline storage adoption. We expect both HDD and SSDs to complement each
other in different segments (HDD for affordable/large-scale storage vs SSD for
speed-sensitive tasks).

e NAND vs DRAM comparison. Investors find NAND less attractive vs
DRAM due to : 1) market fragmentation (incl. stronger China presence, 2)
higher exposure to consumer electronics, and 3) lower exposure to Al. We view
NAND suppliers’ capex discipline as stricter (25E-27E capital intensity
average at 16% vs 26% for DRAM) and find key suppliers' strategic DRAM
focus makes clean room constraints worse in the mid to long term. It is worth
noting that the Al NAND TAM CAGR remains higher vs Al DRAM TAM CAGR
(25E-27E) upon robust enterprise SSD growth. We estimate a US$70bn Al
NAND TAM (value) by 2028E (vs Al DRAM TAM of US$220bn).

e Historical NAND dollar value comparison. NAND represented 4%/11% of
consumer electronics (Smartphones/NBPCs) device prices and 5% of average
server prices during the past peak cycle in 2015-25E. Following the surge in
NAND prices, we estimate the value mix to be different across applications: 1)
smartphone: surpassed the peak, leaving limited room for price hike, ii) PC:
slightly below the peak with nearly 10% room for price hikes, iii) server:
substantially below the peak (rising Al server mix and increase in BOM mostly
centered around HBM, GPU, power, and other electronic components, but less
on NAND). Upside to CE-grade NAND ASP is likely to be capped by year-end,
however, we see ample room for upside to enterprise server (p32 for details).
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Technology migration leads to capacity shrink, HBF could be a wild card in the long
term. Layer/stacking migration results in a natural NAND wafer input capacity shrink
over time. As TSV/stacking related tool intensity rises and memory makers allocate
incremental cleanroom space to DRAM, we expect to see NAND cleanroom area share
continuously declining at major memory makers. We expect such “capacity shrink and
migration-driven production maximization” strategies to continue in the foreseeable
future, alongside CMOS-bonded-to-Array architecture adoption increase. HBF (High-
Bandwidth Flash) is still at the proof of concept stage, but we believe successful
commercialization in the future (earliest likely 2028, in our view) could be positive for
industry S-D, due to higher wafer die penalty vs normal 3D NAND die.

How to trade NAND stocks? Key share price drivers (pricing momentum, Al DC
hardware buildout and related storage demand prospects, and supply/production
updates) are similar between NAND and DRAM (p5-7 for details). We find a stronger and
longer upcycle view is a generally applicable principle even for NAND and convey a
multi-year constructive view. Consumer demand erosion remains a risk point, but we
expect growing eSSD mix to help weather the potential down-cycle. We like Kioxia (OW
view initiation) as a pure NAND play in the Asian memory space, based on the above-
industry server mix expansion growth profile. In the broader memory space, we continue
to like SEC, SKH, Winbond (OW, covered by Jimmy Huang), and SIMO (OW, covered
by Gokul Hariharan). Within the Asia SPE space, we like Tokyo Electron (OW, covered
by Mio Shikanai).

J.PMorgan
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Figure 4: eSSD GP server vs Al server bit
demand comparison
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Long-Term NAND Market Dynamics

NAND flash was introduced as a non-volatile, high-density, lower-cost per bit
alternative for bulk storage, and the first commercial launch of NAND flash memory
can be traced back to 1987. While its limited memory capacity hindered its widespread
adoption in the early 1990s, the rise of portable electronic devices, such as digital
cameras, smartphones and MP3 players, coupled with the need for efficient and
scalable storage solutions, led to increased adoption of NAND flash as it offered a cost-
effective solution compared to other types of storage, such as DRAM.

NAND has grown immensely over the past 25 years, accounting for ~10% of the total
semiconductor market (memory, including DRAM and NAND, accounts for over 25%
of the semiconductor market), according to WSTS. Over the last 25 years, the expansion
in both unit sales and content per device across traditional platforms such as mobile
phones, PCs, and notebooks, along with the rise of new demand drivers, such as data
centers and Al servers, has led to fundamental growth in the NAND market.

Figure 10: NAND and memory % contribution to total semiconductor market
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Long-term NAND bit demand and ASP CAGR

Tracking NAND history over the last 25 years, we observe that the pace of growth in
NAND bit demand has slowed over time as end markets such as smartphones and PCs
have matured following their rapid adoption in their early years, while consumers are
reluctant to make storage upgrades. Likewise, bit density per die has improved via 3D
NAND scaling, which further accelerated bit growth. On the ASP front, historically,
lower ASPs drove strong bit growth, however, now demand is less elastic to price as the
additional cost savings are being used to upgrade other high end chips, rather than
doubling NAND capacity. Nonetheless, despite a structural deflationary trend in ASP,
coupled with a decline in the pace of growth of bit demand, the NAND TAM has grown
at a low-teens % CAGR over the last 25 years.

Over the years, the NAND market has been driven by multiple end demand drivers,
starting with USB & flash cards, which drove the majority of bit demand in the early
2000s, followed by the introduction of smartphones in 2009-10. Following the financial
crisis, the NAND industry saw 10 years of consecutive Y/Y growth from 2009-2018,
with annual smartphone shipments rising from 173mn in 2009 to 1.5bn in 2018 ( 27%
CAGR), while smartphone content growth rose from 4850MB in 2009 to 56650MB in
2018 (31% CAGR). However, from 2018-"25, while the pace of NAND content growth
has declined, unit shipments have also declined, after peaking in 2017.
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Interestingly, within these cycles, SSDs emerged as a structural growth driver, initially
with client SSDs (for PC) in the 2010s, followed by enterprise SSDs (for Server). Of
note, as of 2024, SSDs account for 54% of NAND bit demand, while smartphones
occupy ~30% with other applications accounting for the remaining 16%. Moving
forward, as Al and accelerated computing drive demand for low cost, high performance
storage, we expect SSDs to account for the majority of NAND bit demand, driven by
both content growth as well as unit shipments, while smartphone demand continues to
be mainly driven by content growth rather than unit shipments.

On a blended basis, following 20 years of deflationary pricing, we expect NAND TAM
to expand by a 34% CAGR over the next three years, mainly driven by a 20% bit
demand CAGR, coupled with NAND ASP rising by low-teens % over the next three
years — an unprecedented trend since the introduction of NAND flash.

Figure 11: Long-term NAND bit demand, ASP, and TAM CAGR
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Long-term NAND bit supply and ASP trends

The structural deflationary trend of NAND ASP can be observed from the increasing
NAND bit shipments per Kwfpm (proxy for NAND bit output per Kwfpm) which have
been on an upward trend in the past 25 years. Traditionally, memory has been viewed as
a commodity product where cost efficiency by each supplier (or the layer count that
dictates cost/bit) drove memory makers to accelerate capacity expansion (to enjoy
economies of scale) and layer count migration (to improve profitability).

Likewise, the transition from planar NAND to 3D NAND technology has enabled the
stacking of memory cells vertically, increasing storage capacity without a proportional
increase in cost, further putting pressure on ASP. While bit shipments per Kwfpm have
plateaued in the ~5k range over the last 2 years, we expect bit shipments per Kwfpm to
rise beyond the 5k range in the next two years, mainly driven by bit shipment growth
amidst limited capacity additions by NAND makers, as inventory across the supply
chain remains broadly healthy.
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Figure 12: Long-term NAND bit shipments per Kwfpm
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Figure 13: Long-term NAND ASP trend
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Long-term NAND revenue per Kwfpm

Plotting NAND revenue per Kwfpm (or NAND wafer blended ASP), we note that
NAND wafer prices moved broadly similarly to the NAND ASP trend. While NAND
wafer prices per Kwfpm peaked at ~US$14.6K during the server upcycle in 3Q24,
mainly driven by the accelerated adoption of eSSDs in the datacenters by hyperscalers,
we expect the NAND wafer price per Kwfpm trend to accelerate sequentially from
1Q25-4Q26E as NAND ASPs rise sequentially, driven by strategic production cuts by
major manufacturers and strong demand from Al-driven data centers for high-capacity
enterprise SSDs.

Figure 14: NAND revenue per Kwfpm
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Figure 15: NAND capacity trend
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NAND vs DRAM comparison

DRAM (Dynamic Random Access Memory) is fast, volatile memory (loses data without
power) used for active system tasks (like running apps), while NAND Flash is slower,
non-volatile storage (keeps data powered off) for long-term storage (SSDs, USBs). Not
only do they serve different purposes, but their demand drivers have varied over the last
25 years.

In the DRAM market, manufacturers are increasingly constrained by physical
limitations in scaling memory density through front-end node migration. As a result,
DRAM bit output per wafer has plateaued at around 5,000 GB per wafer, and the wafer
price has struggled to surpass its previous peak of approximately US$24,000 per wafer,
last seen in the third quarter of 2018.

In contrast, the NAND market has benefited significantly from the transition from
planar NAND to 3D NAND technology. This shift has enabled manufacturers to stack
memory cells vertically, increasing storage capacity without a proportional rise in cost,
which has supported average selling prices (ASPs). While NAND bit shipments per
thousand wafers per month (Kwfpm) have plateaued at around 5,000 over the past two
years, we expect this figure to rise beyond 5,000 in the next two years. We believe this
growth will be driven by increased bit shipments, even as capacity additions remain
limited due to healthy inventory levels across the supply chain.

NAND wafer pricing also reflects these dynamics. The price per Kwfpm peaked at
approximately US$14,600 during the server upcycle in the third quarter of 2024, fueled
by accelerated adoption of enterprise SSDs (eSSDs) in data centers by hyperscalers.
Looking ahead, we expect NAND wafer prices per Kwfpm to accelerate further from
the fourth quarter of 2025 through the fourth quarter of 2026, as ASPs rise sequentially.
This trend will be supported by strategic production cuts from major manufacturers and
robust demand from Al-driven data centers for high-capacity enterprise SSDs.

For both DRAM and NAND, bit demand growth has decelerated on maturing end-
applications, broadly offset by a slowing ASP/bit decline. However, DRAM TAM
growth has been accelerating, especially in the past 20,10 and 5 years, achieving a DD%
growth rate over the past 5 years driven by HBM. However, given NAND’s limited
participation in Al model training, NAND TAM growth has been decelerating,
especially in the past 20,10 and 5 years, achieving HSD % growth driven by the
unprecedented NAND downcycle in 2022-23. However, we expect both DRAM and
NAND TAMs to continue to grow higher over the next three years, driven by both bit
demand and ASP growth.
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Figure 17: DRAM demand contribution by application
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Figure 18: NAND demand contribution by application

Source: WSTS, J.P. Morgan estimates.

Figure 19: DRAM vs NAND TAM comparison
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Figure 20: DRAM vs NAND bit growth y-y comparison Figure 21: DRAM vs NAND ASP change y-y comparison
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Figure 22: DRAM vs NAND revenue per kwfpm comparison Figure 23: DRAM vs NAND bit shipment per Kwfpm comparison
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Memory in Al

Al will be nearly half of Global Memory TAM by 2027E (growing at ~80% CAGR
during ‘24-27E), per our estimates. However, Al NAND revenue is substantially smaller
than that of Al DRAM (only 1/3 size) as DRAM was the major portion of Al related
memory demand pick at the beginning. However, we are witnessing robust NAND
demand catch-up driven by strong eSSD demand for Al inferencing. During 2023-
2025E, DRAM accounted for 77% to 81% of the total Al memory market (TAM).
However, from 2026E-27E, we anticipate a modest decline in DRAM’s share, with
NAND expected to experience stronger growth and capture a larger portion of the
market.

We expect robust growth momentum both in DRAM/NAND throughout 2027E (Al
NAND slightly higher than Al DRAM: +83% vs +78%). However, given the ongoing
pricing momentum for both DRAM/NAND, we do not rule out the possibility of both
memory TAMs' CAGR being revised up in the coming months. It is worth noting that
the AT Memory TAM expansion pace is sharper than that of the Al revenue CAGR
guidance from leading foundry supplier TSMC (latest guidance at 50%+ CAGR from
2024-29E, communicated during Jan-2026, 4Q25 result call).
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Figure 24: Al memory Y/Y trend
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Figure 26: Al value within total DRAM & NAND TAM
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Figure 28: Al and non-Al DRAM value TAM CAGR trend
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Figure 25: Al DRAM and NAND revenue trend
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Figure 27: Al volume with total DRAM & NAND TAM
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Figure 29: Al and non-Al NAND value TAM CAGR trend
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NAND industry structure

Going back to the early 2000s, the NAND industry was mainly driven by rapid
innovation, expansion, frequent price wars, and volatile profits with the industry having
~8 key players. However, the boom-bust nature of the NAND industry has led to some
consolidation driven by mergers and JVs as smaller players either exited the industry or
were acquired by larger players (e.g.- Toshiba-SanDisk, etc.). While the market is
currently dominated by a handful of large firms, such as SEC, Kioxia, SKH etc., true
consolidation has not fully occurred and pricing cycles and supply gluts continue to take
place, competitive dynamics within the industry will persist and game-theory outcomes
(where firms act rationally to maximize profits by limiting competition) may not be
realized in the near term.

Figure 30: NAND industry consolidation snapshot
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Source: J.P. Morgan estimates.

Why has the NAND industry not seen consolidation like DRAM?

The NAND flash memory market has remained less consolidated compared to the
DRAM market due to several distinct factors, such as market dynamics, technology, and
economic factors. Unlike DRAM, which is highly capital-intensive and standardized (an
oligopoly market dominated by a few major players, such as Samsung, Micron, and SK
Hynix), the NAND market benefits from a broader range of applications and
technological differentiation. This diversity allows for more competition among
companies such as Samsung, Kioxia, Western Digital, Micron, SK Hynix, and YMTC,
with no single entity exerting overwhelming control.

In addition, technological innovations in NAND, such as 3D NAND stacking and
controller advancements, enable smaller players to target niche markets, reducing the
pressure for consolidation. Additionally, joint ventures and regional diversity, supported
by government investments, have sustained a larger number of players in the NAND
market. While geopolitical tensions and market dynamics may drive some consolidation
in the future, we bleieve the NAND market's growth and diverse demand will continue
to support a competitive landscape distinct from the DRAM sector.
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Deeper look into NAND demand dynamics

Key end markets

Over the years, the NAND market has been driven by multiple end demand drivers,
starting with USB & flash cards, which drove the majority of bit demand in the early
2000s, followed by the introduction of smartphones in 2009-10. Following the financial
crisis, the NAND industry saw 10 years of consecutive Y/Y growth from 2009-2018,
with annual smartphone shipments rising from 173mn in 2009 to 1.5bn in 2018, while
smartphone content growth rose from 4,850MB in 2009 to 56,650MB in 2018.
However, over the next 7 years, while the pace of NAND content growth has been
rising, unit shipments have been on a decline after peaking out in 2017. Interestingly,
within these cycles, SSDs emerged as a structural growth driver, initially with client
SSDs in the 2010s, followed by enterprise SSDs. Of note, as of 2025, we estimate that
SSDs account for 54% of NAND bit demand, while smartphones occupy ~30%, with
other applications accounting for the remaining mid-teens %. Moving forward, as Al
and accelerated computing drive demand for low cost, high performance storage, we
expect SSDs to account for the majority of NAND bit demand driven by both content
growth as well as unit shipments, while smartphone demand continues to be driven
mainly by content growth rather than unit shipments.

Figure 31: Application wise contribution % within total NAND
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Figure 32: NAND market revenue and ASP YoY change
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Figure 33: NAND demand growth Y/Y by key application
%

95% -
75% %
b -
55% - 42%
29%
35% - o
22% 0 o 22%
14% 11% ’ 15&"2,71/‘3%4% Ll 10%
15% 1 5% 6% go, _ 4%, 5%% ' °
_J . . . - - -
-5% -
2023 2024 2025E 2026 -3% 2027
m USB + Flash cards m Smartphones + Tablets = eSSDs = cSSDs = Total

Source: OMDIA, WSTS, J.P. Morgan estimates.
Note: eSSD growth og 130% in 2024 has been truncated.

13



Jay Kwon A®
(82-2) 758-5725
jay.h.kwon@jpmorgan.com

Figure 34: eSSD LT content growth trend

Asia Pacific Equity Research
23 January 2026

JPMorgan

eSSD: Opening up growth potential as an Al enabler

While the broader NAND industry has had limited exposure to the Al and accelerated
computing industry until 2023, eSSDs have emerged as a memory solution that
combines the speed, reliability, and scalability needed for Al and accelerated
computing.The recent, exceptional shortage in bit supply and the sharp rise in ASP have
been primarily fueled by the rapid expansion of data centers and Al infrastructure.
Hyperscalers, cloud service providers, and Al research labs are rolling out increasingly
storage-intensive systems, a trend further intensified by suppliers exercising greater
restraint in expanding wafer capacity compared to previous years. To meet the demands
of model training, inference workflows, and vast data lakes, large-capacity enterprise
SSDs are being adopted ahead of schedule. QLC-based SSDs are becoming a popular
nearline storage option over HDDs — where supply is also constrained — thanks to their
enhanced endurance, lower cost per bit, and superior energy efficiency. Of note, eSSD
shipments rose 86% Y/Y in 2024, a level last surpassed back in Q2012, and we expect
them to grow by HSD %/low-teens on average over the next 3 years as Al infrastructure
growth continues at an unabated pace.

Figure 35: eSSD LT bit growth trend
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Figure 36: Server unit demand by GP vs. Al Figure 37: Server Unit Demand Mix by GP vs. Al
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Two types of of eSSD

Compute eSSD: Compute eSSDs are optimized for high-performance computing tasks
and are designed to handle intensive workloads that require fast data processing and low
latency. They are characterized by high Input/Output Operations Per Second (IOPS) that
enable rapid data access, thereby minimizing latency and providing reliability for
critical applications. They are ideal for applications such as databases, virtual machines,
and real-time analytics, where performance and speed are crucial.

Storage eSSD: Storage eSSDs are optimized for capacity and data retention and are
designed to store large volumes of data efficiently and reliably. Storage eSSDs provide
high capacity, cost-effective storage per gigabyte, and robust endurance for reliable
long-term data archiving and management. They are suitable for applications such as
data warehousing, backup solutions, and content delivery networks, where storage
capacity and data retention are key.

NAND in Al training/inference

NAND memory plays a critical role in large language model (LLM) training by
providing the high-speed storage necessary to handle massive training datasets.
NAND'’s main value proposition is its kigh-capacity, low-cost data storage for the
massive, curated datasets required for training. While NAND is too slow for the real-
time parallel processing done by the GPUs with the help of HBM, it is extremely
efficient in handling the read-intensive workflow of feeding data to the faster, more
expensive DRAM and GPU memory.

In the initial LLM training phase, the model is trained on massive amounts of raw data
scraped from the internet, books, and other texts. While DRAM can be used for this, it is
extremely expensive and hence NAND based solutions are far more cost-effective for
storing these vast datasets.

When it comes to LLM training, the focus is on maximizing the amount of data
processed per second (high throughput) while latency (the time to process a single
batch) is less critical than overall speed and efficiency. On the other hand, inference
often happens in real-time (e.g., responding to a user query) and users expect quick
responses, so low latency (fast prediction) is crucial. Throughput (total predictions per
second) is less important than how fast each prediction is delivered.

While the broader NAND industry has had limited exposure to the Al and accelerated
computing industry until now, eSSDs have emerged as a memory solution that combines
the speed, reliability, and scalability needed for Al and accelerated computing, while
other NAND-based storage options simply can’t keep up with the demands of these
workloads. Of note, eSSD shipments rose 86% Y/Y in 2024, a level last surpassed back
in 2012, and expect it to grow HSD%/low-teens on average over the next 3 years as Al
infrastructure growth continues at an unabated pace.
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Al inferencing structural demand implications to storage

As the datacenter buildout continues at an unabated pace, CSPs are shifting focus from
Al training to Al inference. While DRAM was a major beneficiary of training
workloads, mainly driven by GPUs requiring high bandwidth memory (HBM), storage
(HDD/SSD) had a limited role to play in the training dataset loading stage. However, as
we transition to inference workloads, NAND becomes structurally more important as
retrieving and analyzing data from trained models to generate responses demands very
fast read speeds and minimal latency. In addition to this, while the initial Al model
training requires massive datasets, the inferencing stage also needs quick access to
significant amounts of data, making the high performance of SSDs necessary.

Going back to the initial days of AI when Chatgpt was introduced in Nov 2022, Al
models were small and could easily fit in standard memory and storage. When Chatgpt
was initially launched, it was likely using a GPT-3.5 model with a size ranging

from tens of GBs (for smaller versions) up to ~350 GB (for the largest version),
depending on deployment and optimization. However, as the number of parameters rises
and as the world moves towards multimodal AI models, storage needs are expected to
rise to tens of TBs per model.

It is important to note that while Al training workloads require high throughput to run
multiple operations on massive datasets, inference applications require low latency and
high bandwidth access to model weights and caches, which is driving demand for higher
capacity SSDs. In addition, commentary from NAND makers’ CY2Q25 earnings calls
highlights that CSPs are shifting their focus from pure capacity-based storage to high
performance-based storage, which delivers an amalgamation of performance, power
efficiency and density.

As consumers rapidly adopt multi-modal models into their daily workflows, both
training and inference will generate massive amounts of data which needs to be stored
for multiple purposes, such as log maintenance, embeddings, etc. While early storage
systems were mainly required for cold data, moving forward, storage systems must be
capable of handling both “hot” (fast access) and “cold” (archival) data, which is driving
massive demand for QLC NAND SSDs and high-capacity HDDs. As per Trendforce
(link), soaring inference Al demand is triggering severe nearline HDD shortages, which
could potentially drive additional demand for QLC SSD shipments in 2026.

Moving forward, we expect that cloud-native Al will rely on distributed storage, with
each GPU server paired with multiple high-capacity NVMe SSDs, and as Al models
transition from datacenters to on-device, we expect NAND demand to expand into
consumer and industrial devices, with UFS and PCle SSDs powering on-device Al.

Of note, when a NAND maker mentions “NAND Flash driven by an NVMe-based
controller that communicates over a PCle connection”, they essentially mean

the NVMe-based controller manages and secures communication between the NAND
flash and the CPU/system memory while the PCle connection is the physical and logical
pathway that allows the NVMe controller (and thus the NAND flash) to communicate
quickly with the CPU and other components. (check Tables 2 & 3 below for more
detail). Both storage controller protocols and higher-speed interfaces play an important
role in enabling inferencing applications at the most optimized pace possible.
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Figure 38: Evolution of Al storage needs
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Table 1: Storage characteristics comparison between SSD and HDD required for inference workloads

Characteristic SSD HDD
Random small-lO IOPS 10%4 -> 106 + IOPS ~50-200 IOPS
Latency tens-hundreds micro secs ~5-15 milli secs
Sequential throughput high good for large sequential reads
$/GB higher lower
Endurance limited but improving long lifetime for sequential writes
Best fit for inference Hot data cold/archival, backups

Source: Micron & Kioxia technical notes.

Table 2: Storage controller protocols

Rank Protocol/Controller Typical Max Speed* Typical Use Notes
1 NVMe (Non-Volatile Memory Express) Up to 14 GB/s (PCle Gen5 x4) High-end SSDs, data centers, enterprise, consumer PCs Fastest; designed for flash storage over PCle
2 UFS (Universal Flash Storage) Up to 4 GB/s (UFS 4.0) Smartphones, tablets Fastest in mobile/embedded; still slower than NVMe
3 SAS (Serial Attached SCSI) Up to 2.4 GB/s (SAS-4) Servers, enterprise storage High speed, robust, used in enterprise
4 SATA (Serial ATA) Up to 0.6 GB/s (SATAII) Consumer SSDs, HDDs, legacy systems Widely used, but slower than SAS/UFS
5 AHCI (Advanced Host Controller Interface) Up to 0.6 GB/s (SATAIII) Older SSDs, HDDs Protocol for SATA, not optimized for SSDs
6 eMMC (embedded MultiMediaCard) Up to 0.4 GB/s (eMMC 5.1) Budget smartphones, loT, embedded Lowest speed, used in cost-sensitive devices

Source: J.P. Morgan.

Table 3: High-speed interfaces for connecting storage

Rank Interface Typical Max Speed* Typical Use Notes
1 PCle (Peripheral Component Interconnect Express) Up to 64 GBIs (PCle Gen5 x16) Storage, graphics cards, network cards, SSDs Fastest; used for internal high-speed connections
2 Thunderbolt Up to 40 Gb/s (Thunderbolt 3/4) 5 GB/s Laptops, external SSDs, docking stations Uses PCle and DisplayPort protocols; fastest for external devices
3 SAS (Serial Attached SCSI) Up to 24 Gbls (SAS-4) " 2.4 GB/s Servers, data centers High speed, robust, enterprise storage
4 UFS Interface (Universal Flash Storage) Up to 4 GB/s (UFS 4.0) Smartphones, tablets Fastest in mobile/embedded; not used for PCs
5 SATA (Serial ATA) Up to 6 Gb/s (SATAIIl) ~ 0.6 GB/s SSDs, HDDs, optical drives Widely used, but much slower than PCle/Thunderbolt
6 USB (Universal Serial Bus) Up to 20 Gb/s (USB 3.2 Gen2x2) " 2.5 GB/s External drives, flash drives General-purpose, but slower than PCle/Thunderbolt for storage
7 Ethernet/iSCSI Up to 100 Gb/s (12.5 GBIs) for high-end Ethernet NAS, SAN, enterprise environments High theoretical speed, but real-world performance is often lower due to overhead/latency

Source: J.P. Morgan.
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KVcache offloading and HDD shortage driving eSSD demand

Once a function of storage demand only, we believe the value of eSSD is evolving not
only to be a critical component to power Agentic Al for real-time data generation, but
also for optimizing the model efficiency. During CES 2026, NVDA claimed that its
Inference Context Memory Storage (ICMS) Platform utilizing BlueField-4 DPU
delivers additional context storage at a 5x higher tokens-per-second and 5x more power
efficient than traditional storage (link). Offloading KVcache to storage from GPU/HBM
has long been the thesis of eSSD dem and growth but we believe the adoption of blue-
field 4 DPU could potentially scale the accessible external storage, driving incremental
SSD demand.

Based on our estimates, we expect the storage content/server gap between Al and GP
server to widen to 3-3.2x given the need to store warm data for fast and real-time token
generation. We expect this will trigger 50%+ content growth for Al servers,
necessitating each Al server to carry at least 70+TB of storage with likely higher storage
content in future years. Similar to DRAM, we believe the bulk of the NAND bit demand
growth in 26-27E should be driven by servers amid consumer-exposed client SSDs (i.e.
mobile/PC applications) likely showing weakness from BOM cost pressure-driven ASP
hikes. We expect eSSD to account for 48% of the total NAND bit demand in 27E
growing from 29% contribution in 25E.

Figure 39: eSSD GP server vs Al server bit demand comparison Figure 40: Storage content difference between GP vs Al server
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What is KVcache and why is it important?

As the number of tokens that need to be generated is becoming larger and faster (=
lengthening context length), GPU memory limitations are becoming a critical
bottleneck, making KVCache offloading an essential method for scaling inferencing
workloads. Inferencing flow is broadly divided into two steps: 1) Prefill stage (input or
understanding the prompt) and 2) the decode stage (output or the number of token
generation). The KV Cache plays a critical role in optimizing decoding performance —
particularly for long-context workloads and realtime generation scenarios — by enabling
efficient reuse of previously computed representations.
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Figure 41: LLM Inference Flow with KV Cache
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o Prefill stage: In the prefill stage, the full prompt (Q) is processed once to generate
the initial set of key-value pairs, which are stored in high-bandwidth memory
(HBM) as the KV Cache. This stage is compute-bound, dominated by matrix—matrix
operations, and it produces the first output token while initializing the cache for
subsequent decoding.

o Decode stage: In the decoding stage, the model uses the stored KV cache together
with the most recently generated token to produce the next token. Only the key-
value pair for the new token is computed and appended. Because decoding proceeds
token by token, it requires less compute per step but involves frequent HBM access,
making it primarily memory-bound.

Prefill Stage

Decode Stage

Insert all Insert

e generated token

Generate Generate
e first token o remaining tokens
Compute Bound Memory Bound
Matrix-Matrix Multiplication Reuse Stored KV Cache in HBM
Q K v Q K v
X = X [ X |misisl X
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NVDA Blue-field 4 DPU impact on the NAND industry

In CES 2026, NVDA introduced the Inference Context Memory Storage (ICMS)
platform powered by BlueField-4 DPU (Data Processing Unit) which helps deliver
additional context storage at a 5x higher token-per-second and 5x more power efficient
than traditional storage (link). Since there is a KV cache limitation on GPU/HBM, the
DPU allows GPU/HBM to access a remote storage at low latency, accelerating the
comptuation speed and the pressure on GPU/HBM. Based on NVDA spec-sheet, the
DGX SuperPOD is equipped with BluField-4 carrying 512GB storage (link) with access
to 600TB fast storage (link). Since Rubin GPU-based DGX SuperPOD is not the
mainstream product, we expect the overall implications to NAND demand to be limited
at this point. Nonetheless, we believe the structural trend remains intact, with SSD
playing a critical role in AI computation process with upside to storage content per Al
server rack.
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SSD vs HDD TAM analysis

Since 3Q25, the eSSD market has gained attention as a beneficiary of Al inferencing
applications (necessitating high-performance read/write SSD to feed real-time data) and
potentially replacing NR HDD for warm/cold storage function due to the long lead-time
(max 2Y). Based on Gartner®data, Business-critical NR storage segment is still an
under-penetrated segment with SSD accounting for 19% of total bit demand in FY26E
(NR HDD bit demand was ~1800EB vs SSD ~420EB). This contrasts to the mission-
critical SSD segment, where SSD shares already reached mid-90%. Within the business-
critical NR storage segment, the economics of SSD vs HDD are not intuitive given
SSD’s 7-8x ASP premium over HDD, but we believe single-digit % SSD BOM cost
share in Al server rack is forcing CSP’s to adopt SSD over HDD due to performance
and leadtime advantages. Since HDD makers (i.e. STX/WDC, etc.) have guided for a
cautious capex outlook in CY26E, we expect eSSD to enjoy the demand tailwind in the
next 12M causing a significant NAND price hike (JPMe: NAND industry ASP rising by
40% in FY26E). Based on the current 18-19% penetration rate, we highlight that an
incremental 1%pct SSD penetration will result in an additional US$2M eSSD revenue,
which equates to ~2% of NAND TAM in FY26E.

Over the last 10 years, SSD has gradually replaced HDD due to its advantages in
product performance (i.e., faster read/write speed, less power consumption, form factor,
etc.). We believe the replacement has occurred mostly in mission-critical applications
(storage that requires high-performance read/write speed and typically stores hot data)
vs business-critical/nearline applications (warm/cold data storage).

Interestingly, WD highlighted during its Investor Day that hard drives, again, will be the
predominant storage media with over 80% of bits stored on hard drives. Seagate also
highlighted on its recent earnings call highlighted that Hard drives continue to store
close to 90% of the bits in large-scale data center deployments. We believe this shows
both HDD and SSDs are likely to complement each other, with SSDs handling speed-
sensitive tasks and HDDs providing affordable, large-scale storage.

Figure 42: Business critical vs server-grade SSD (EB) Figure 43: eSSD ASP vs HDD ASP
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Figure 44: Business critical NR HDD vs. SSD TAM comparison
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Figure 46: Business-critical/nearline HDD and SSD shipment trends
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Figure 48: Mission-critical HDD and SSD shipment trends
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Figure 45: SSD as a % of enterprise HDD TAM
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Figure 47: SSD penetration in business-critical storage and SSD price
premium over HDD
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Figure 49: SSD penetration in mission-critical storage and SSD price
premium trend
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Figure 50: Enterprise-grade HDD shipment mix Figure 51: Enterprise-grade SSD shipment mix
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Figure 52: Enterprise-grade HDD revenue mix Figure 53: Enterprise-grade SSD revenue mix
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Figure 54: eSSD bit contribution in SSD and total NAND Figure 55: Client SSD bit contribution in SSD and total NAND
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SSD vs HDD economics comparison

NAND flash makers have aggressively developed technologies to lower cost/bit via
node migration and introduced QLC SSD in 2019, which theoretically carries ~33%
higher bit/cell than TLC SSD via storing 4 bits per cell (vs 3 bits per cell in TLC).
Lower price merits for QLC SSDs come at the expense of lower read/write speeds and
endurance (vs previous product generations, such as SLC/MLC/TLC), but ensures much
higher storage capacity and an alternative for datacenter storage devices, in our view.
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When comparing blended NAND flash ASP by technology vs business-critical/nearline
HDD ASP, we find that QLC ASP declined meaningfully until 2024, however, given the
new demand tailwind for eSSD from KVcache offloading and HDD shortage, the price
gap with HDD is expected to rise over the next 3 years, while other product generations
trade much higher than HDD.

Nevertheless, we believe the reduced price gap between SSDs and HDDs, and
heightened energy cost/heat dissipation focus in high-end Al servers, could continue to
drive explosive demand for eSSDs due to its unique value proposition in the NAND
market.

Figure 56: QLC/TLC ASP comparison vs. business-critical HDD Figure 57: SLC/IMLC ASP comparison vs. business-critical HDD
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Figure 58: Flash ASP by technology Figure 59: NAND Flash product by technology overview
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Figure 60: NAND bit production by layer count
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Figure 62: TLC shipment share by NAND makers
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Figure 61: NAND bit share by technology

%
100%
80%

60%
409 0% 79% 80% 81% 81% 80% 78% 759 76%

% 6% 18% % 18% 16% 1% 214(0 0% 2% 28* 28‘%

6% 69% 70%

20%

0% 6% 6% 6%
&

B% 4% 4%
 H»H »
& &

m SLC = MLC TLC = QLC

Source: OMDIA.
Figure 63: QLC shipment share by NAND makers
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eSSD business comparison by major NAND suppliers

Among memory makers (assuming NAND exposure only), SKH has the highest
exposure to the server mix, mainly driven by Solidigm’s leadership in the QLC space,
followed by Kioxia and Samsung Electronics. However, when we compare the total
server mix (both DRAM and NAND combined) between diversified memory makers
(SEC, SKH and Micron) and pure play NAND makers (Kioxia), we observe that
diversified memory makers continue to dominate the server space due to their exposure
to the HBM market. However, going forward, we expect eSSDs to grow significantly
due to their ability to combine the speed, reliability, and scalability needed for Al and

accelerated computing.

For example, Kioxia’s server sales mix is currently below that of the diversified memory
makers (see Table 4 below); we expect the mass production ramp of BiCS 8§ to drive
earnings expansion, positioning Kioxia for the strongest growth in NAND, followed by
Samsung Electronics due to its product competitiveness in both TLC and QLC NAND.
Samsung continues to lead the global market for TLC NAND, maintaining its position
as the largest supplier by total bit volume and is currently mass-producing its 9th-
generation V-NAND (V9) using TLC technology, featuring a double-stack structure.
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Table 4: Server sales mix comparison by memory makers
%

J.PMorgan

2023 2024 2025E 2026E 2027E| 25E-27E chg
SEC 29% 46% 53% 59% 66% 13%
SKH 49% 67% 69% 67% 76% 7%
Kioxia 20% 31% 34% 49% 61% 27%
Micron n/a n/a 56% 59% 60% 4%

Source: J.P. Morgan estimates, Company data. Note: Server sales include both DRAM and NAND for SEC, SKH, and Micron. Micron mix

is based on new disclosures and future projections based on Bloomberg consensus.

e Solidigm (D5-P5336) is widely considered the leader in the high-capacity
nearline segment, while SK Hynix excels in performance-driven workloads by

leveraging their industry-leading layer counts (321L).

e Micron's 6500 ION eSSD is a strong competitor as well, though it uses "high-
density TLC" (232-layer) instead of QLC to achieve similar 30.72TB capacities with

better write endurance than traditional QLC.

e For performance-driven environments (Al, real-time analytics, and
databases), Samsung (PM1743) and Kioxia (CM7-V)) hold the edge in raw speed

and latency.

e Hence, Solidigm excels at QLC eSSDs, Samsung and Kioxia excel at TLC eSSDs,
while Micron/SK Hynix are strong competitors as well. Of note, SKH targets to
accelerate technology migration (300+L NAND bit mix target to reach 50%+ by 26-
end) while for Micron, technology transitions to G9 will be the primary driver of
their NAND bit growth in calendar 2026, and they expect it to become their largest

NAND node in fiscal 2026.
Table 5: Mainstream enterprise SSDs by NAND makers
Supplier | Mainstream Performance (TLC) High-C: ity/Nearline (QLC) Key Spec Hi
Solidigm D7-PS1010 D5-P5336/D5-P5430 PCle 5.0 performance (D7); industry-leading 30.72TB & 61.44TB capacities (D5)
Samsung PM1743/PM9D3a BM1743 (V9 QLC) PM1743 reaches 14 GB/s read speeds. V9 QLC production delayed to H1 2026.
Micron 9550/7450 PRO 6500 ION (DC QLC) 6500 ION uses high-layer TLC (232L) to compete with QLC in density but with better endurance.
Kioxia CM7-R/CD8-R G9 QLC CM?7-R uses BiCS TLC for 2700K IOPS random reads. New G9 QLC launched in Jan 2026.
SK Hynix PS1010 321LQLC PS1010 supports PCle 5.0, up to 15.36TB. Sequential reads up to 14.8 GB/s, 321L QLC has a 2Tb die (world’s first 300+ layer).

Source: J.P. Morgan estimates, Company data.

Figure 64: eSSD market share (GB basis)
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Historical Market share trends for eSSD
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Figure 65: eSSD market share (value)
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Figure 67: eSSD ASP (2024)
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eSSD Business Comparison by Suppliers

eSSD sales exposure varies among NAND flash makers, with SK Hynix leading the
charge with ~48% of its total NAND sales coming from eSSDs in 9M25, mainly driven
by its exposure to this segment through its acquisition of Solidigm. It is followed by
SEC and Micron, whose eSSDs contribute 36% each to their respective NAND sales,
followed by Kioxia and SanDisk. Interestingly, the three NAND makers (SEC, SKH/
Solidigm and Micron) account for up to ~86% of the total eSSD market, which
highlights the concentrated nature of eSSD sales.

Recent earnings calls from leading NAND makers show that strengthening eSSD
demand is a key growth driver, strengthening NAND profitability even as suppliers
reallocate resources towards more profitable Al products such as High Bandwidth
Memory (HBM). Micron reported record revenue in its data center SSD business for
fiscal 2025, supported by its technology leadership and vertical integration, while both
Korean memory makers sounded extremely optimistic about eSSD sales during their
latest 3Q25 earnings calls.

Of note, market analysis firm TrendForce is projecting a tightening of eSSD supply in
2026, with strong demand continuing through 2027, mainly driven by rapid
advancements in Al, while nearline HDD supply is critically lagging demand, with
extended lead times creating a substantial storage gap. As a result, data centers and
CSPs are compelled to adopt high-capacity QLC enterprise SSDs to replace HDDs,
which we believe will continue to drive demand for eSSD for leading NAND makers
over the next 2 years.
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Figure 69: cSSD LT content growth trend
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Figure 68: eSSD sales exposure by NAND maker
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Consumer Electronics: Growth saturation in Mobile/PC market

Client SSD trend in PC market

Following 3 years of negative system unit shipments, NBPC had a good year in 2025
with shipments rising HSD %, mainly driven by the emergence of Al PCs and Windows
10 EOL. While AI PCs are expected to pick up further in 2026, we believe cautious
consumer spending amidst macro uncertainty, coupled with rising BOM costs (memory,
components, etc.), will weigh on notebook brands' margins. If the unprecedented rise in
memory prices continues unabated in 2026, we believe there is a high possibility that
NBPC's end demand unit shipments will be revised downwards. Nonetheless, the
transition to Al PCs will enable structural content growth, as many Al workloads rely
on local models, vector databases, and larger application footprints. Hence, despite
limited unit growth, we believe client SSDs will be driven by structural capacity growth.

Figure 70: ¢SSD LT bit growth trend
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Figure 71: Total PC unit shipment trend Figure 72: Al PC shipment and penetration trend
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Figure 73: PC as % of total NAND demand Figure 74: NBPC contents CAGR vs NAND industry ASP CAGR
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Figure 75: cSSD market share (GB basis) Figure 76: cSSD market share (value)
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Figure 77: cSSD sales trend Figure 78: cSSD ASP (2024)
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Demand Dynamics Update for Smartphones

Following 2 years of positive unit shipment growth, global smartphone shipments are
expected to shrink in 2026 as surging component costs are likely to impact demand. As
memory prices continue to rise, BOM costs are severely impacting different tiers with
the low end of the market (below $200) being impacted most severely. To mitigate this
impact, we expect OEMs to downgrade memory specifications (sticking with
128GB/256GB instead of 512GB/1TB) as price rises could further impact unit

shipments.
Figure 79: Smartphone unit shipment trend Figure 80: Al smartphone shipments and penetration
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Figure 81: Smartphone as % of total NAND demand Figure 82: Smartphone contents CAGR vs NAND industry ASP CAGR
% comparison
%
40% 40% 33%
28%
33 9 33°/ "3 % 9
o ° o
25% 23%2“’ A 10% l 5% L]
19% 0% |
g =
15% o 8%
10% 30% -19%
5% 40% -30%
0% 2010-2015 2015-2020 2020-2025E 2025E-2028E
,LQ\ N \f»@w@w\kw@w&f@\ ,@'&@@,&w ,@m o) (9&]9 o ‘</Q @‘0 = Smartphone contents CAGR ~ mNAND ASP CAGR
% ‘\, v
Source: IDC, Gartner®, J.P. Morgan estimates. Source: IDC, Gartner®, J.P. Morgan estimates.
Figure 83: Smartphone NAND market share (GB basis) Figure 84: Smartphone NAND market share (value)
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Figure 85: Smartphone NAND sales trend Figure 86: Smartphone NAND ASP (2024)
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NAND supply dynamics

NAND bit growth trend

Following COVID-19, the NAND industry underwent an unprecedented downcycle in
2022-23, characterized by crashing prices, plummeting revenues, and negative profit
margins for major manufacturers. The industry went through major inventory
destocking, driven by weak demand for consumer electronics. As a result, NAND B/G
plummeted to low-10%s for the next 3 years from 2022-24 (NAND B/G in 2021: 40%
Y/Y) as excess inventory went through a correction. As a result of this, major suppliers
— Samsung, SK Hynix, Kioxia and Micron — responded by reducing production and
slowing down technology migration in an attempt to stabilize the market. While NAND
had a limited role to play during the Al training phase (compared to DRAM), the
transition to inference workloads, coupled with HDD shortages, drove accelerated
demand for eSSD. As a result, NAND supply bit growth (B/G) rose to mid-teens % in
2025. Going forward, given tight S/D dynamics coupled with limited capacity additions,
we expect NAND B/G to be in the high-teens % range over the next 3 years.

Figure 87: NAND supply bit growth trend Figure 88: NAND wafer output
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Figure 89: NAND wafer output vs industry bit shipment Y/Y growth Figure 90: NAND wafer output vs NAND capex Y/Y growth trend
trend Kwspm, % - RHS
Kwspm, % - RHS
2,000 42%419%42%45% 574 46% 400, 60% 2,000 96% 120%
29% 29% 45%

1,500 50139 18%20% 300 1,500

0
15% 1,000

1,000 28 8 0%
50! . -15% 500
-30%
- z!% -45% -

80%

40%

o

0%

-40%

0,
SRR P S (i D 0 0 A O D A« o
A U U R NSNS @W”m@«@%g@%@%%ﬁ
mmmmm NAND industry wafer output wafer output Y/Y % s NAND industry wafer output wafer output Y/Y %
e Industry bit shipment Y/Y% e Capex Y/Y trend
Source: J.P. Morgan estimates. Source: J.P. Morgan estimates, Company data.

32



Jay Kwon A®
(82-2) 758-5725
jay.h.kwon@jpmorgan.com

Asia Pacific Equity Research JP Morgan

23 January 2026

NAND bit production mix comparison

As 0f 2025, the majority of bits are still below 2xx layers despite the industry rapidly
scaling past the 176-layer era, which is the mainstream standard. Leading manufacturers
such as Samsung and SK hynix have established 236-layer and 238-layer architectures
as their primary high-volume "workhorse" nodes, while mass production of 321-

layer (SK hynix) and 332-layer (Kioxia/Western Digital) NAND has begun to meet the
surging storage demands of Al data centers. When we compare the NAND makers'
potential bit mix by layer composition for 2026, we expect that barring Kioxia and
SKH, all other memory makers would make 2xx layers their major node, while SKH
ramps its 321L further into year end ‘26.

Table 6: 2026E NAND bit production mix by layers by suppliers
%

Bit mix by layers Kioxia+SNDK SEC SKH+Solidigm YMTC MU
<=192L 72% 28% 45% 15% 12%
192L> and <=286L 28% 72% 32% 85% 88%
286L> 0% 0% 23% 0% 0%
Total WSPM 402 390 203 165 125

Source: OMDIA. Note: Kioxia also preparing 332L (BiCS 10) from 2027E onwards in terms of layer migration competition.
Note: YMTC (unlisted) is estimated by J.P. Morgan based on publicly available data.

Industry wafer capacity trends

When comparing the wafer capacity trend by location for NAND makers, we observe
that barring Samsung and Micron, all other NAND makers are concentrated in a single
location. We believe that given the geopolitical uncertainties, it's important for NAND
makers to diversify their production bases across regions. However, the recent
escalation by the United States through export controls designed to restrict China's
ability to produce advanced semiconductors, including cutting-edge NAND flash
memory, is affecting operations for SEC and SKH, which operate significant NAND
fabs in China (Xi'an and Dalian/Wuxi, respectively). If we look at the last 13 years of
global NAND wafer capacity mix by location, we observe that while South Korea and
Japan occupied ~80% of the production base as of 2025, NAND makers have
diversified their production bases with all 3 (South Korea, China and Japan) occupying
an equal 30% share, respectively, a trend we believe is unlikely to persist as geopolitics
put a damper on NAND makers’ ability to expand before 200 layers.
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Table 7: Individual NAND wafer capacity by location
%

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025E 2026E

Samsung

South Korea 94% 83% 77% 78% 79% 76% 75% 71% 64% 63% 55% 56% 55%

China 6% 17% 23% 22% 21% 24% 25% 29% 36% 37% 45% 44% 45%
Kioxia

Japan 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Micron

United States 50% 45% 43% 37% 21% 20% 22% 23% 25% 27% 23% 23% 24%

Singapore 50% 55% 57% 63% 79% 80% 78% 77% 75% 73% 77% 77% 76%
SK Hynix

South Korea 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Solidigm

China 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
YMTC

China 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: OMDIA.

Table 8: Global NAND wafer capacity mix by location
%

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025E 2026E
South Korea 40% 38% 37% 37% 38% 38% 38% 38% 36% 34% 31% 30% 28%
Japan 38% 37% 38% 38% 39% 37% 36% 35% 34% 33% 31% 30% 31%
China 2% 5% 7% 9% 10% 13% 15% 17% 21% 24% 28% 30% 31%
Singapore 10% 11% 10% 10% 10% 10% 9% 8% 7% 7% 8% 8% 7%
United States 10% 9% 7% 6% 3% 3% 3% 2% 2% 3% 2% 2% 2%
Global NAND WSPM 1,158 1,341 1,477 1,536 1,454 1,360 1,451 1,739 1,782 1,316 1,291 1,296 1,284

Source: OMDIA.

NAND ASP outlook

Spot price

Spot prices for specific high-demand components, such as 512GB TLC wafers, have
risen by 5.5x times over the past seven months, rising from approximately $2.70 in July
to ~$15 in Jan 26. This dislocation between spot and contract prices suggests that
“official” contract hikes are lagging behind the reality of physical scarcity. The shortage
is most acute in the high-density segments utilized by enterprise clients (512Gb and
1Tb). Manufacturers appear to have adopted a strategy of gradually increasing
contracted pricing, which should help to sustain upward momentum in pricing into
2026, though we do also anticipate a deceleration in ASP growth from 4Q26 and an
eventual inflection lower heading into 2027 as industry supply-demand dynamics
improve. We forecast blended ASP growth of +40%/-2% in 2026/2027.
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Figure 91: NAND quarterly pricing trend and Y/Y trend
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Figure 92: NAND quarterly pricing trend and Q/Q trend
ASP stated in 256Gb eq. (3), %

NAND ASP (256 Gb eq.)

Source: WSTS, J.P. Morgan estimates.
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NAND flash pricing momentum and operating profit leverage

Upward trend to continue throughout 2026, eSSD mix expansion to drive value
growth in 2027

After a 20% cyclical price correction during 4Q24-2Q25, NAND pricing bottomed out
in mid-2025, then started to rebound quickly due to strong enterprise SSD orders amidst
only a gradual increase in supply (lead time to get NAND bits was 4-5 months and
industry UTR was running at sub-80% for 6+months from 2H2024). Demand for high
capacity SSD (QLC SSD for HDD replacement) and Al local storage grade SSD (TLC
SSD for KV Cache) picked up, leading to sharp inventory digestion at memory maker/
channel, resulting in spot prices rising 200-300% during September-December 2025.

Figure 93: Quarterly NAND industry ASP vs NAND industry S-D gap Figure 94: NAND industry demand growth vs supply growth
comparison 2021A-2027E
%
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Source: WSTS, J.P. Morgan estimates.
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Source: WSTS, J.P. Morgan estimates.

The overall NAND ASP increase was relatively low (15-30%) in 4Q25A compared to
compared to DRAM (rising 30-40%, depending on different grades/applications).
However, we expect the price increase longevity to be similar to that of DRAM in the
next 12-18 months thanks to the under-supply market conditions (2026E/2027E NAND
demand +21%/422% YoY vs supply +18%/+20%). We forecast 50-60% NAND
contract ASP increase in the next four quarters (high-teens % in 4Q25, 20% +/- in
1Q26E, 10% +/- in 2Q26E, and low-to-mid single digit % in 3Q26E) supporting sharp
margin recovery at NAND suppliers (industry operating profit margin advancing to
high-30% this year from ~10% last year).
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Figure 95: NAND cost as a % of server ASP

Asia Pacific Equity Research J,P Morgan

23 January 2026

Based on our consumer end-demand disruption scenario (high BOM cost weighing on
procurement sentiment and relatively high NAND channel inventory at end customers
vs the DRAM channel), we expect diverging pricing momentum between B2B
(Enterprise SSD) and B2C (Client SSD/Mobile and consumer electronics grade NAND)
from the end of 2026E. However, as the eSSD grade NAND ASP premium over others
expands (from +11% in FY2024A to +17%/+37% in FY2025E-2026E and higher in
FY2027E), we believe rising eSSD volume mix will adequately offset any potential
consumer NAND demand weakness. We expect NAND industry TAM to continue to
grow well above double-digit % in 2027E, clearly setting a different cycle pattern from
history (previously, upcycle durations were less than two years).

NAND value % contribution trend across end-applications

The chart below demonstrates historical NAND ASP as a % of device ASP across
various end-applications to gauge the upside/downside room for NAND ASP hikes/cuts.
As seen in Figures 95-100 below, while smartphone, NB and server ASPs have been on
a gradual upward trend due to a shift to premium products and new form factors, NAND
cost as a % of device ASP has been divergent between servers and NB/smartphones.

As for smartphones, we expect NAND ASP as a % of device ASP to rise to its highest
level at 5.5% in 3Q26E driven by NAND ASP growth (vs 4.0% in 3Q18 during the
2016-18 server upcycle) and expect it to remain elevated for the next 2 years. In
addition, NAND ASP as a % of device ASP has been on a structural downtrend for
servers with NAND accounting for ~1% of the total ASP while being >5% during the
2016-18 server upcycle. Lastly, for NB, while it has been on a downtrend and reached as
low as 4.3% during the unprecedented NAND downcycle, the ASP is expected to be
>10% over the next 2 years, which highlights the rising BOM cost pressure for these CE
OEM:s.

On a longer time horizon, as NAND bit demand growth slows, we believe the NAND
industry will suffer from oversupply more frequently, as a result of which ASP will fall
quickly, which will eventually drive either consolidation (Kioxia-WD) or capital
discipline (SEC/cutting wafer starts) in the industry.

Figure 96: NAND cost as a % of server ASP
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Figure 97: NAND cost as a % of smartphone ASP
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Figure 99: NAND cost as a % of smartphone ASP
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Figure 98: NAND cost as a % of NB ASP
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Figure 100: NAND cost as a % of NB ASP
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Peer Analysis

Key operating economics comparison

Stacking in NAND has undergone multiple technological innovations over the years,
with NAND makers currently employing vertical scaling(>200 layers) as well as
architectural scaling (such as CBA) that enables higher density and lower cost/bit. As

NAND is a highly commoditized, capacity driven market, the most important economic

driver in NAND flash is lower cost per bit as a better cost structure trumps limited

pricing power.
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It is important to note that demand for NAND is extremely price elastic, as evidenced by
smartphones moving from 64GB to 128GB, etc., and SSD penetration replacing HDD
as falling $/GB makes high capacity economically viable. In addition, given the boom
and bust nature of the NAND industry, ASPs could fall below cash cost (as evidenced
during the 2022-23 downcycle) and only the lowest cost producers will survive in the
long run. With NAND makers continuing to push the boundaries of innovation to meet
the robust demand from Al applications, having an economically sound cost structure is
imperative for long-term profitability and free cash flow generation.
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When we compare the top 3 NAND makers, Kioxia has demonstrated the lowest gross
cost/bit economics vs peers, mainly driven by technological prowess (CBA) and more
diversified product mix. As a result, despite not having the highest ASP/unit, Kioxia has
had industry leading OP/bit economics over the last 3 years, which we believe is
testament to their technological leadership in the NAND industry.

Figure 101: ASP/bit comparison between the leading 3 NAND makers
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Source: J.P. Morgan estimates.

Figure 103: Gross cost less D&A/bit comparison between the leading 3
NAND makers
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Figure 102: Gross Cost/bit comparison between the leading 3 NAND
makers
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Source: J.P. Morgan estimates, Company data.

Figure 104: OP/bit comparison between the leading 3 NAND makers
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Figure 105: OPM comparison between the leading 3 NAND makers
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Figure 106: EBITDA margin comparison between the leading 3 NAND
makers
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Competitive dynamics

Samsung dominates the NAND market, maintaining the top position with an

estimated mid-high 30% M/S, followed by Kioxia and SK Hynix. The top 3 players
occupy ~80% of the total NAND market, with Micron and Yangtze Memory
Technologies Corp (YMTC, not listed) occupying the rest, which highlights the
oligopoly nature of the industry. A similar trend can be seen in wafer capacity M/S
trends, however, despite having a greater share of wafer, YMTC occupies a smaller
share of revenue due to lower yields vs peers. Given that NAND makers are focused on
tech migration rather than greenfield capacity additions, we believe NAND B/G is
expected to be in the high-teens % on average over the next 2 years.

Figure 107: Revenue M/S trend for NAND players
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Figure 108: Y/Y B/G trend for NAND players
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Note: YMTC's (unlisted) next 3 years is estimated by J.P. Morgan based on publicly available data
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Figure 109: Wafer capacity M/S trend for NAND players
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Figure 110: Bit/capacity trend for NAND players
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Technology Trends

NAND memory manufacturing techniques

There are multiple technologies that are used in the development of NAND flash
memory, but they differ in their approach and structure. Some of the leading
technologies are as follows:

Charge Trap Flash (CTF): This technology uses a charge trap layer to store data,
which can improve reliability and scalability compared to traditional floating gate
flash memory. This method reduces cell-to-cell interference and allows for smaller
cell sizes.

Floating Gate NAND: The traditional method for NAND flash memory, where data
is stored in a floating gate transistor. This technology has been widely used for
many years.

Vertical NAND (V-NAND): Developed by Samsung, V-NAND is a type of 3D
NAND that stacks cells vertically, allowing for higher density and improved
performance.

BiCS (Bit Cost Scaling): BiCS NAND is a type of 3D NAND technology
developed by Toshiba (now Kioxia) that stacks memory cells vertically to increase
storage density, which allows for more bits to be stored in the same footprint,
improving cost efficiency and storage capacity.

With the ever-increasing need for storage in personal, professional, mobile and
datacenter applications, there is little doubt that technology will continue to evolve in
the future to meet market needs.
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Figure 111: NAND fabrication technologies
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onds the CMOS circuitry to the memory array, which is a significant architectural revision.

CMOS integration: Kioxia uses CBA (CMOS Directly Bonded to Array), while peers use COP or CuA/PUC, meaning Kioxia directly b

| Manufacturing: Kioxia employs a Dual-Wafer (Hybrid Bonding) process, whereas others use a Monolithic (Single Wafer) approach. |

I Gate Process: Kioxia’s Gate-First/Last Hybrid is distinct from the Gate-Last (Replacement Gate) method used by peers.

logic below. Kioxia avoids this by building them separately.

Thermal Budget: Micron and Samsung (in PUC) build memory on top of logic; the high heat of memory fabrication can damage the

Source: Company data.
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NAND technology used in auto and consumer markets

JPMorgan

In modern vehicles, NAND flash memory is critical for a wide range of systems, from safety and diagnostics to entertainment. The
NAND solutions used in automobiles, such as eMMC, UFS, and SSDs, are designed to endure extreme temperatures, vibrations,
and high performance demands. Applications such as ADAS, autonomous driving, etc., rely on NAND memory to store and
process real-time data from sensors, cameras and radars.

Table 9: Comparison between eMMC, NAND and UFS

eMMC (embedded MultiMediaCard)

NAND (Raw NAND Flash)

UFS 4.1 (Universal Flash Storage)

Definition
Controller
Interface

Ease of Use
Performance
Applications
Capacity Range
Cost

Reliability
Power Efficiency
Data Transfer Rate

Integrated storage solution with NAND flash and controller

Built-in controller manages ECC, wear leveling, bad block management

Standardized (JEDEC/MMC), parallel interface
Plug-and-play, simplifies integration
Moderate, suitable for consumer devices
Smartphones, tablets, consumer electronics, loT devices
Up to 256GB (some up to 512GB)

Higher per GB due to integrated controller
High, due to built-in management features
Moderate
Up to ~400 MB/s (eMMC 5.1)

Source: Samsung blogs and flexxon.

42

Raw flash memory chip, requires external controller
No controller; host system must manage all functions
Custom, requires host-side management
Complex, requires firmware/software development
Can be optimized for high performance
SSDs, enterprise storage, high-performance embedded systems
Wide range, from small to very large
Lower per GB, higher integration cost
Depends on host controller/firmware
Depends on controller implementation
Depends on controller and interface

Advanced storage solution with NAND and high-speed controller, designed for fast data transfer
Advanced built-in controller with improved ECC, wear leveling, and error management
Standardized (JEDEC/UFS), high-speed serial interface (MIPI M-PHY, UniPro)
Plug-and-play, optimized for high performance and easy integration
Very high, supports fast read/write speeds, low latency, and high IOPS
Premium smartphones, tablets, automotive, high-end consumer electronics
Typically up to 1TB or more
Higher per GB, but justified by performance and features
Very high, advanced error management and reliability features
Excellent, optimized for mobile and battery-powered devices
Up to ~4,200 MB/s (UFS 4.1)
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Figure 112: NAND technology migration roadmap by memory maker
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Table 10: 3D scaling technique in NAND
3D Scaling technique Explanation Technique Leader
Lateral scaling It involves increasing the density of memory cells horizontally across the chip Achieved by reducing the size of each memory cell and optimizing the layout to minimize wasted space Kioxia/SanDisk
Logical scaling This involves the ability to store more bits per cell Manufacturers can increase the overall capacity without increasing the physical size of the chip. Kioxia/SanDisk
Vertical scaling Vertical scaling involves stacking memory cells on top of each other Multi-tiered memory holes and thin, low-resistive memory layers Samsung
Architecture scaling Itinvolves changes in the overall design and structure of the memory chip Techniques like CMOS Next to Array (CNA), CMOS Under Array (CUA), and CMOS Bonded Array (CBA) are used to optimize the architecture Kioxia/SanDisk

Source: Kioxia & Sandisk company data.
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Table 11: Legacy of NAND innovations

Year | Generation .| Technology Capacity

2001 1st 2D NAND 1 Gb (x2-160nm)
2003 2nd 2D NAND 2 Gb (x2-130nm)
2005 3rd 2D NAND 4 Gb (x2-90nm)
2007 4th 2D NAND 8 Gb (x2-70nm)
2009 5th 2D NAND 16 Gb (x3-56nm)
2010 6th 2D NAND 32 Gb (x3-43nm)
2011 7th 2D NAND 64 Gb (x3-32nm)
2013 8th 2D NAND 64 Gb (x3-24nm)
2015 9th 2D NAND 128 Gb (x3-19nm)
2016 10th 2D NAND 128 Gb (x3-17nm)
2017 11th 3D NAND 256 Gb (x3-BICS2 48L)
2018 12th 3D NAND 256 Gb (x3-BICS3 64L)
2019 13th 3D NAND 256 Gb (x3-BICS4 96L)
2020 14th 3D NAND 512 Gb (x3-BICS5 112L)
2021 15th 3D NAND 1 Tb (x3-BICS6 162L)
2023 16th 3D NAND 1 Tb (x3-BICS8 218L)
2025 17th 3D NAND 1 Tb (x3-BICS8 218L)

Source: Sandisk 2025 investor day PT.

Figure 113: SEC bit production by layer count
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Figure 115: Micron bit production by layer count
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Figure 114: SK bit production by layer count
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Figure 116: Kioxia/WD bit production by layer count
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Figure 117: YMTC bit production by layer count
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Figure 119: NAND suppliers M/S in client
%

100%
U 8% 7% 6% B% W {g5 7% 195 16% 18%

80% 10.0/0 W% 9% 9% 0% 2% o 1% . 1% 10
‘ .) ‘ 11% I 13% ‘.‘ |

- 125 10% %
8% 18% 21% 23% 24% 23% 299, 249 23% 2% 229

-t

1Q23 2Q23 3Q23 4Q23 1Q24 2Q24 3Q24 4Q24 1Q25 2Q25 3Q25
mSamsung mKioxia = WD m**SK hynix (+ Solidigm) = Micron = Others

Source: OMDIA.

Asia Pacific Equity Research

J.PMorgan

Figure 118: NAND suppliers M/S in enterprise
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Figure 120: NAND suppliers M/S in mobile
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Kioxia’s BiCS technology

Kioxia’s BiCS (Bit Cost Scaling) technology is a critical and strategically distinct
approach in the 3D NAND flash memory landscape. While all major manufacturers
have converged on vertical stacking of charge-trap memory cells, Kioxia’s recent
adoption of CMOS Directly Bonded to Array (CBA) in its 8th and 9th generation BiCS
products represents a significant architectural departure from its peers .

The BiCS process, particularly with the CBA innovation, is critical to Kioxia’s
competitive standing by addressing the fundamental trade-off between performance and
density in 3D NAND fabrication. The core of the CBA strategy is architectural
disaggregation, which involves manufacturing the CMOS peripheral logic and the
NAND memory array on two separate, optimized silicon wafers before bonding them
together. This separation is crucial because it allows the high-speed CMOS circuitry to
be fabricated using advanced, low-temperature logic processes (e.g., 28nm or 14nm)
without being subjected to the extreme thermal budget (temperatures exceeding
,1000°C) required for the high-aspect-ratio etching and deposition of the NAND

array. This decoupling not only enables higher interface speeds, but also maximizes the
bit density per die.Kioxia’s CBA-based BiCS process fundamentally alters the
manufacturing flow compared to monolithic approaches (COP/CuA/PUC) (see Figure
111 above for a simplified explanation of the various NAND fabrication processes).
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While monolithic designs (V-NAND, D NAND, RG NAND) simplify the overall
manufacturing flow by keeping all components on a single wafer, they are constrained
by the thermal budget, which limits the performance of the underlying CMOS. Kioxia’s
choice to add the complexity of wafer bonding is a calculated strategic move to
prioritize performance and density scaling, positioning BiCS as a key technology for
high-performance applications like enterprise SSDs and Al data centers.

High Bandwidth Flash (HBF)

High Bandwidth Flash is a technology initially introduced by Sandisk which aims to
address the growing memory gap for Al and create a new memory standard for
intelligent systems by offering a lower-cost, higher-capacity alternative to DRAM-based
HBM. This product combines NAND flash's high capacity with High Bandwidth
Memory's (HBM) high throughput for Al inference workloads. Similar to HBM, this
innovation mainly involves stacking 3D-NAND dies using TSV, thereby enabling
comparable bandwidth to HBM while providing 8-16 times more capacity at a similar
cost, which will potentially allow large Al models to be stored directly on GPU
hardware while boosting efficiency.

While development has been ongoing for a while, SanDisk expects to have HBF
technology product detailed concept available by 2H CY2026, and product samples,
including the controller device, in the first half of 2027, thereby ushering in a new
paradigm that addresses the "memory wall" problem by increasing memory available to
Al accelerators while keeping pace with the demands of growing Al models.

Of note, SanDisk has formed an ecosystem partnership with SK Hynix to standardize
HBF technology specifications, which will ensure wider adoption across the industry if
the technology proves to deliver the promised performance, compatibility, and
scalability benefits for next-generation memory solutions.

Figure 121: High Bandwidth Flash
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Critical Challenges in Technology Scaling
As stack heights grow taller, NAND makers face several hurdles highlighted below:

e High Aspect Ratio Etching - Drilling uniform memory channels through 30um-
thick stacks is extremely difficult, as profile deviation—where holes become
distorted or narrower at the bottom—can lead to cell failure.

e Wafer Warpage & Stress -Stacking hundreds of layers creates massive mechanical
stress that can cause wafers to bow or deform by hundreds of microns, necessitating
"stress compensation" techniques such as depositing materials on the wafer's
backside to flatten it.

e Word-Line Resistance -As layers become thinner and the resistance of conductive
word lines increases, the industry is transitioning to new materials like Molybdenum
(Mo), which has lower resistivity than traditional Tungsten.

e Cell Efficiency -Moving the peripheral logic (CMOS) under the memory array
(COP/CuA) used to save space, but at 400+ layers, the heat from the logic can
damage the memory cells above it.

Hybrid Bonding

Hence, NAND makers have to use Hybrid Bonding (wafer-to-wafer copper bonding) to
overcome the above challenges. The CMOS logic (peripheral circuits) and the NAND
memory array are fabricated on separate wafers, which allows each to be optimized
independently using the best possible process node (e.g., a 28nm logic node for the
controller and a specialized memory node for the array). Because the logic is no longer
baked under the memory during the high-heat memory fabrication steps, it performs
better and stays cooler. Instead of using traditional "bumps," the two wafers are bonded
face-to-face using direct copper pads, which reduces interconnect pitch to under 1pm,
providing 10,000x higher I/O density than traditional packaging.

However, while Hybrid Bonding slashes latency by up to 40% and increases
interconnect density by 15x compared to older solder-bumping methods, it comes with
its own challenges. Hybrid bonding can help eliminate some assembly steps compared
to traditional micro-bump stacking, streamlining the back-end; however, this is offset by
the increased amount of time required to etch channel vias, thereby lowering the overall
wafer-per-hour (WPH) rate of the memory wafer. The move to hybrid bonding is
driving a massive surge in capital expenditure as manufacturers must overhaul both
front-end and back-end facilities. For example, SK Hynix is aggressively pulling
forward hybrid bonding for their V10 (300-layer) products to maintain a competitive
edge. Manufacturers must not only invest in ultra-high precision bonders and CMP tools
to ensure smooth surfaces for bonding, but there is always a risk of lower yields as
defective logic chips may be bonded to functional memory chips.
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Figure 122: 3D-NAND memory array
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Capital Expenditure Trends

Looking at NAND capital intensity trends for the past 20 years, we observe that capex-
to-sales intensity has been extremely volatile with values ranging from 24%-81% as the
NAND industry goes through boom and bust cycles often. Given the commodity nature
of NAND, NAND makers initially focused on shrinking process nodes (moving from
planar to 3D NAND), which required investments in equipment and infrastructure,
while currently, they are focused on increasing their layer count, which demands further
capital outlays for more complex manufacturing.

Second, the industry has seen periods of high demand (smartphone cycle, etc.) which
leads to aggressive capacity additions, followed by oversupply and price crashes,
causing swings in capital spending. Hence, the volatility in capital intensity is a result of
the NAND industry’s need to constantly innovate, respond to market cycles, and
manage high fixed costs, all while navigating unpredictable external factors. Of note, we
expect NAND capital intensity to stabilize around high-teens % levels (much lower than
the last 3/5/7/10 year avg.) over the next 3 years, driven by rising NAND sales and a
focus on tech migration rather than capacity additions by major NAND makers.

The current memory super cycle is a function of not only improving demand trends but
also supply discipline, in our view, enabled by memory makers' focus on limited wafer
growth, coupled with sharply lower capital intensity. The downturn of 2022-2023, when
NAND manufacturers recorded significant losses and write-downs, instilled a new focus
on profitability and ROIC.
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Figure 123: Long-term NAND capex trend
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Figure 124: Long-term NAND capex/sales trend
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Figure 125: NAND capital intensity comparison across time horizons

Last10yrs Last7yrs Last5yrs Last3yrs Next3yrs
SK Hynix 52% 43% 29% 16% 11%
SEC 44% 44% 43% 40% 13%
Micron 60% 61% 59% 53% 29%
Kioxia 30% 29% 27% 25% 10%
YMTC n.a n.a 168% 166% 57%

Source: J.P. Morgan estimates, Company data.
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Share Price Analysis

Memory Industry Market Cap comparison since 2025

Despite the introduction of DeepSeek in China as well as Liberation Day scares across
the globe, memory stocks have been on an upward trajectory ever since the turn of the
last year (Jan25). While 1Q25 earnings were rather subdued due to air pockets in HBM
and eSSD sales, memory makers rallied with the pure play DRAM makers (NYT)
outperforming the NAND and diversified memory makers. This outperformance was
mainly driven by investor expectations of DDR4 EOL, which led to an unprecedented
DDR4 spot price rally.

Second, as investor concerns on the sustainability of Al capex were quickly alleviated,
the diversified memory makers (SKH, SEC) started rallying as tight HBM S/D played a
critical role in reducing conventional DRAM capacity, which further tightened overall
memory S/D dynamics. While initially NAND had limited exposure to Al (as CE drives
60-70% of NAND B/G), the transition from training to inference workloads, coupled
with supply discipline from NAND makers, led to a sustained price rally in NAND spot
prices, as a result driving pure-play NAND makers’ stock prices.

Of note, since the start of 2025, the overall memory market market-cap has grown 242%
on average (growing from US$405bn to US$1.39trn), with diversified memory makers
rallying 265% on average, while pure-play DRAM and NAND makers have rallied
680% and 649%, respectively.

While we expect ASP hikes-driven EPS upgrades for memory stocks across Asia/U.S to
continue in the near term, we believe, with fairly high expectations on pricing over the
past few months (above historical peak valuation prior to the current up-cycle), the share
reaction to potential beats and raises may not be as strong as in the CY3Q25 results
season. However, with memory makers already having sold out volumes for 2026,
coupled with continued tightness across HBM/eSSDs, we expect pricing to remain
elevated. Within the large-cap Asian memory space, SEC (OW) > SKH (OW) is our
near-term pecking order (vs mid- to long-term pecking order unchanged: SKH > SEC).
We remain OW on Winbond and Neutral on NYT among our commodity memory
coverage. We also like MU (OW) — U.S. memory with rising Al exposure.

On the NAND side, the surge in demand is largely fueled by the rapid expansion of data
centers and Al infrastructure, as hyperscalers, cloud service providers, and Al research
orgs continue to roll out storage-heavy systems. In response, memory makers are
focusing on tech migration rather than capacity additions, which will drive lower levels
of capital intensity and restrain growth in wafer output. Meanwhile, the inability of the
HDD supply chain to meet Al-related demand is providing further tailwinds to eSSD
demand. With much of the available capacity for 2025-2026 — and even into 2027 —
already committed through long-term contracts, we believe NAND bit demand will
continue to outpace bit supply, thereby keeping the overall NAND S/D demand
balanced in 2026. Among NAND makers in Asia, Kioxia (OW) is our top pick, while
we remain Neutral on Sandisk due to its limited exposure to Al-driven eSSD demand
explosion.
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Figure 126: Memory Market cap trend since Jan’25
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Figure 127: Memory Stock Price performance since Jan'25
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Figure 128: 2026 OPM vs 12M FWD P/B Figure 129: 2026 server mix vs 12M FWD P/B
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Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026. NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.
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Figure 130: 2026 Sales growth (Y/Y) vs 12M FWD P/B
Sales mix on x-axis, P/B on y-axis
8.0

70 ® Sandisk

6.0 ® Kioxia
5.0 ® Micron
40 @ Winbond

@ NYT
30 ® SKH

20 ® SEC
1.0

0.0
0% 20% 40% 60% 80% 100% 120% 140%

Source: J.P. Morgan estimates, Company data, Bloomberg Finance L.P.
Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.

Figure 132: 2026 OPM vs 12M FWD P/E
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Source: J.P. Morgan estimates, company data, Bloomberg Finance L.P.
Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.

Figure 134: 2026 OP growth (Y/Y) vs 12M FWD P/E
OP growth on x-axis, P/E on y-axis

40.0

35.0 ® Sandisk

30.0

25.0

20.0 ® Winbond Kioxia

15.0 ® _ Micron

10.0 L 20 sec® NYT
50 ® SKH

0.0
0% 20% 40% 60% 80% 100%  120%  140%

Source: J.P. Morgan estimates, Company data, Bloomberg Finance L.P.

Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.
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Figure 131: 2026 OP growth (Y/Y) vs 12M FWD P/B
OP growth on x-axis, P/B on y-axis
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Source: J.P. Morgan estimates, Company data, Bloomberg Finance L.P.
Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.

Figure 133: 2026 server mix vs 12M FWD P/E
Server mix on x-axis, P/E on y-axis
40.0
35.0 @ Sandisk
30.0
25.0
20.0
15.0 .
e Kloxm. Micron

10.0 ® NYT ® SEC
50 ® SKH

0.0
0% 0% 20% 30% 40% 50% 60% 70%  80%

® Winbond

Source: J.P. Morgan estimates, Company data, Bloomberg Finance L.P.
Note: Considered total memory for SEC, SKH and Micron, just DRAM for NYT & Winbond and just
NAND for Sandisk & Kioxia. Note: Data as of 22nd Jan, 2026.

Figure 135: 2026 Sales growth (Y/Y) vs 12M FWD P/E
Sales mix on x-axis, P/E on y-axis
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Table 12: Broader Memory Value Chain Valuation Table

Price | Market Cap!| Revenue Revenue growth Y/Y PIE(x) EPS growth Y/Y P/B(x) ROE (%) YTD perf.
Company Ticker (LC)|  (us$ M) FY25E FY26E FY27E FY25E FY26E FY27E, FY25E FY26E FY27E FY25E FY26E FY27E FY25E FY26E FY27E FY25E FY26E FY27E (%)
Pure DRAM
Nanya Technology Corp 2408 TT 267 26,113 1,086 5,552 5946 87% 180% % 3344 97 99 -151% 3364% 3% 50 32 26 2% 35% 28% 38.1
Winbond Electronics Corp 2344 TT 105 14,871 2,787 4,164 5,388 10% 49% 41% 17.3 185 106 311% 534% 4% 47 38 26 4% 27% 29% 265
Average 2258 14.1 10.3 80% 1949% 36% 48 35 26 323
Pure NAND
Sandisk Corp/DE SNDK US 501 73,466 721 11,035 14,190 9% 52% 2% 185.7 356 18.0 na 42% 97% 80 66 5.1 3% 2% 29% 112
Kioxia Holdings Corp 285A JP 17,910 61,426 12,303 18,397 18434 65% 50% 0% 337 134 12.0 na 152% 12% 94 59 42 33% 63% 41% 716
Average 109.7 2.5 15.0 na 287% 55% 8.7 6.2 47 914
Memory
Samsung Electronics Co Ltd 005930 KS 154,100 620475 72063 114772 138,286 16% 59% 20% 45 97 85 28% 153% 14% 25 20 17, 10% 2% 21% 280
SK hynix Inc 000660 KS 760,000 376,334 64534 114,424 137,208 33% % 20% 133 6.7 57 131% 99% 18% 48 28 18 44% 54% 38% 16.6
Micron Technology Inc MU US 389 431,947 37177 74,628 93,806 48% 101% 26% 482 12,0 92 558% 303% 30% 8.3 49 32 17% 48% 41% 363
Average 28.7 9.4 7.8 345% 201% 2% 5.2 32 22 27.0
HDD
Western Digital Corp WDC US 242 82,705 9,383 11,914 13,901 49% 27% 17% 460 305 237 -1041% 51% 28% 15.1 102 82 25% 43% 41% 404
Seagate Technology Holdings P [STX US 344 73511 9,073 11,101 13,008 38% 2% 17% 433 293 215 693% 48% 36% na 824 245 na -331% 228% 25.0
Average “1 29.9 226 A74% 49% 32% 15.1 463 16.3 327
Controllers
Phison Electronics Corp 8209 TT 2,085 13515 2,256 3,261 3,742 23% 45% 15% 57.7 282 25 14% 105% 1% 82 6.9 63 14% 27% 2% a7
Marvell Technology Inc MRVL US 83 70011 5,753 8,181 9,991 4% 2% 2% 528 291 230 3% 82% 2% 53 49 44 1% 1% 10% (29)
Silicon Motion Technology Corp SIMO US 118 4,004 868 1,010 1,125 8% 16% 1% 333 250 19.9 8% 33% 25% 46 42 36 13% 16% 17% 271
WFEISPE 48.0 27.4 238 6% 57% 26% 6.0 53 48 220
Applied Materials Inc AMAT US 325 257,897 28,240 28,953 33,026 4% 3% 14% 348 337 28.0 10% 3% 21% 135 13 10.0) 38% 34% 36% 266
KLA Corp KLAC US 1520 199,716 12,058 13,099 14,048 2% 9% 14% 468 423 353 40% 1% 20% 490 338 255 110% 88% 83% 25.1
Lam Research Corp LRCX US 228 286,865 18,262 21,381 24417 23% 17% 14% 56.9 467 389 35% 2% 20% 286 246 18.9) 54% 58% 68% 334
Tokyo Electron Ltd 8035 JT 42,500 126,264 15,305 17,322 19,072 21% 13% 10% 39.3 328 279 % 20% 17% 94 84 73 25% 2% 2% 238
ASM International NV ASM NA 728 42,000 3,705 4073 4873 17% 10% 20% 52.7 437 342 4% 21% 28% 88 77 65 18% 20% 2% 407
Teradyne Inc TERUS 232 36,316 3,070 3,799 4441 9% 2% 17% 66.0 444 339 1% 49% 31% 124 1.4 88 19% 27% 30% 198
Advantest Corp 6857 JT 22,850 110,276 5,260 6,124 7,316 56% 16% 19% 974 583 468 162% 67% 25% 322 254 19.2 36% 48% 50% 164
Average 462 409 340 86% 58% 28%) 304 232 184 265

Source: Bloomberg Finance L.P. Note: Data as of 22 Jan, 2026.
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« Beneficial Ownership (1% or more): J.P. Morgan beneficially owns 1% or more of a class of common equity securities of Tokyo Electron
(8035) or related entities.

« Client: J.P. Morgan currently has, or had within the past 12 months, the following entity(ies) as clients: Samsung Electronics, SK hynix Inc, a
relevant entity(ies) of SK hynix, Tokyo Electron (8035) or related entities.

« Client/Investment Banking: J.P. Morgan currently has, or had within the past 12 months, the following entity(ies) as investment banking
clients: Samsung Electronics or related entities.

« Client/Non-Investment Banking, Securities-Related: J.P. Morgan currently has, or had within the past 12 months, the following entity(ies)
as clients, and the services provided were non-investment-banking, securities-related: Samsung Electronics, SK hynix Inc, a relevant entity(ies)
of SK hynix, Tokyo Electron (8035) or related entities.

« Client/Non-Securities-Related: J.P. Morgan currently has, or had within the past 12 months, the following entity(ies) as clients, and the
services provided were non-securities-related: SK hynix Inc, a relevant entity(ies) of SK hynix, Tokyo Electron (8035) or related entities.

. Investment Banking Compensation Received: J.P. Morgan has received in the past 12 months compensation for investment banking services
from Samsung Electronics or related entities.

. Potential Investment Banking Compensation: J.P. Morgan expects to receive, or intends to seek, compensation for investment banking
services in the next three months from Samsung Electronics or related entities.

« Non-Investment Banking Compensation Received: J.P. Morgan has received compensation in the past 12 months for products or services
other than investment banking from Samsung Electronics, SK hynix Inc, a relevant entity(ies) of SK hynix, Tokyo Electron (8035) or related
entities.

« Debt Position: J.P. Morgan may hold a position in the debt securities of KIOXIA Holdings (285A), Samsung Electronics, SK hynix Inc, a
relevant entity(ies) of SK hynix, Tokyo Electron (8035) or related entities, if any.

« Gartner: All statements in this report attributable to Gartner represent J.P. Morgan’s interpretation of data, research opinion or viewpoints
published as part of a syndicated subscription service by Gartner, Inc., and have not been reviewed by Gartner. Each Gartner publication speaks
as of its original publication date (and not as of the date of this presentation or report). The opinions expressed in Gartner publications are not
representations of fact and are subject to change without notice.

Company-Specific Disclosures: Important disclosures, including price charts and credit opinion history tables (if applicable), are available for
compendium reports and all J.P. Morgan—covered companies, and certain non-covered companies, by visiting
https://www.jpmm.com/research/disclosures, calling 1-800-477-0406, or e-mailing research.disclosure.inquiries@jpmorgan.com with your
request.
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KIOXIA Holdings (285A) (285A.T, 285A JP) Price Chart
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Source: Bloomberg Finance L.P. and J.P. Morgan; price data adjusted for stock splits and dividends.

Samsung Electronics (005930.KS, 005930 KS) Price Chart
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Source: Bloomberg Finance L.P. and J.P. Morgan; price data adjusted for stock splits and dividends.
Initiated coverage Oct 09, 2011. All share prices are as of market close on the previous business day.
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Source: Bloomberg Finance L.P. and J.P. Morgan; price data adjusted for stock splits and dividends.
Initiated coverage Apr 04, 2001. All share prices are as of market close on the previous business day.

The chart(s) show J.P. Morgan's continuing coverage of the stocks; the current analysts may or may not have covered it over the entire period.
J.P. Morgan ratings or designations: OW = Overweight, N= Neutral, UW = Underweight, NR = Not Rated

Explanation of Equity Research Ratings, Designations and Analyst(s) Coverage Universe:

J.P. Morgan uses the following rating system: Overweight (over the duration of the price target indicated in this report, we expect this stock will
outperform the average total return of the stocks in the Research Analyst’s, or the Research Analyst’s team’s, coverage universe); Neutral (over
the duration of the price target indicated in this report, we expect this stock will perform in line with the average total return of the stocks in the
Research Analyst’s, or the Research Analyst’s team’s, coverage universe); and Underweight (over the duration of the price target indicated in
this report, we expect this stock will underperform the average total return of the stocks in the Research Analyst’s, or the Research Analyst’s
team’s, coverage universe. NR is Not Rated. In this case, J.P. Morgan has removed the rating and, if applicable, the price target, for this stock
because of either a lack of a sufficient fundamental basis or for legal, regulatory or policy reasons. The previous rating and, if applicable, the
price target, no longer should be relied upon. An NR designation is not a recommendation or a rating. Some stocks under coverage have a rating
but no price target; in these cases, we expect the stock will outperform/perform in line/underperform the average total return of the stocks in the
Research Analyst’s, or the Research Analyst’s team’s, coverage universe of the relevant duration of the region. In our Asia (ex-Australia and ex-
India) and U.K. small- and mid-cap Equity Research, each stock’s expected total return is compared to the expected total return of a benchmark
country market index, not to those Research Analysts’ coverage universe. If it does not appear in the Important Disclosures section of this report,
the certifying Research Analyst’s coverage universe can be found on J.P. Morgan’s Research website, https://www.jpmorganmarkets.com.
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Coverage Universe: Kwon, Jay : LG Corp (003550.KS), LG Display (034220.KS), LG Electronics (066570.KS), LG Innotek (011070.KS),
Leeno Industrial (058470.KQ), Nanya Technology (2408.TW), SK IE Technology (361610.KS), SK Inc (034730.KS), SK hynix (000660.KS),
SKC (011790.KS), Samsung C&T (028260.KS), Samsung Electro-Mechanics (009150.KS), Samsung Electronics (005930.KS), Samsung SDS
(018260.KS)

J.P. Morgan Equity Research Ratings Distribution, as of January 01, 2026

Overweight Neutral Underweight
(buy) (hold) (sell)
J.P. Morgan Global Equity Research Coverage* 51% 37% 12%
IB clients** 47% 47% 35%
JPMS Equity Research Coverage* 49% 38% 13%
IB clients** 72% 70% 53%

*Please note that the percentages may not add to 100% because of rounding.

**Percentage of subject companies within each of the "buy," "hold" and "sell" categories for which J.P. Morgan has provided
investment banking services within the previous 12 months.

For purposes of FINRA ratings distribution rules only, our Overweight rating falls into a buy rating category; our Neutral rating falls
into a hold rating category; and our Underweight rating falls into a sell rating category. Please note that stocks with an NR designation
are not included in the table above. This information is current as of the end of the most recent calendar quarter.

Equity Valuation and Risks: For valuation methodology and risks associated with covered companies or price targets for covered companies,
please see the most recent company-specific research report at _http:/www.jpmorganmarkets.com, contact the primary analyst or your J.P.
Morgan representative, or email research.disclosure.inquiries@jpmorgan.com. For material information about the proprietary models used,
please see the Summary of Financials in company-specific research reports and the Company Tearsheets, which are available to download on
the company pages of our client website, _http://www.jpmorganmarkets.com. This report also sets out within it the material underlying
assumptions used.

History of Investment Recommendations:
A history of J.P. Morgan investment recommendations disseminated during the preceding 12 months can be accessed on the Research &
Commentary page of _http://www.jpmorganmarkets.com where you can also search by analyst name, sector or financial instrument.

Analysts' Compensation:The research analysts responsible for the preparation of this report receive compensation based upon various factors,
including the quality and accuracy of research, client feedback, competitive factors, and overall firm revenues.

Registration of non-US Analysts: Unless otherwise noted, the non-US analysts listed on the front of this report are employees of non-US
affiliates of J.P. Morgan Securities LLC, may not be registered as research analysts under FINRA rules, may not be associated persons of J.P.
Morgan Securities LLC, and may not be subject to FINRA Rule 2241 or 2242 restrictions on communications with covered companies, public
appearances, and trading securities held by a research analyst account.

Other Disclosures

J.P. Morgan is a marketing name for investment banking businesses of JPMorgan Chase & Co. and its subsidiaries and affiliates worldwide.

UK MIFID FICC research unbundling exemption: UK clients should refer to UK MIFID Research Unbundling exemption for details of J.P.
Morgan’s implementation of the FICC research exemption and guidance on relevant FICC research categorisation.

All research material made available to clients are simultaneously available on our client website, J.P. Morgan Markets, unless specifically
permitted by relevant laws. Not all research content is redistributed, e-mailed or made available to third-party aggregators. For all research
material available on a particular stock, please contact your sales representative.

Any long form nomenclature for references to China; Hong Kong; Taiwan; and Macau within this research material are Mainland China; Hong
Kong SAR (China); Taiwan (China); and Macau SAR (China).

J.P. Morgan Research may, from time to time, write on issuers or securities targeted by economic or financial sanctions imposed or administered
by the governmental authorities of the U.S., EU, UK or other relevant jurisdictions (Sanctioned Securities). Nothing in this report is intended to

be read or construed as encouraging, facilitating, promoting or otherwise approving investment or dealing in such Sanctioned Securities. Clients
should be aware of their own legal and compliance obligations when making investment decisions.

Any digital or crypto assets discussed in this research report are subject to a rapidly changing regulatory landscape. For relevant regulatory
advisories on crypto assets, including bitcoin and ether, please see https://www.jpmorgan.com/disclosures/cryptoasset-disclosure.

The author(s) of this research report may not be licensed to carry on regulated activities in your jurisdiction and, if not licensed, do not hold
themselves out as being able to do so.

Exchange-Traded Funds (ETFs): J.P. Morgan Securities LLC (“JPMS”) acts as authorized participant for substantially all U.S.-listed ETFs. To
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the extent that any ETFs are mentioned in this report, JPMS may earn commissions and transaction-based compensation in connection with the
distribution of those ETF shares and may earn fees for performing other trade-related services, such as securities lending to short sellers of the
ETF shares. JPMS may also perform services for the ETFs themselves, including acting as a broker or dealer to the ETFs. In addition, affiliates
of JPMS may perform services for the ETFs, including trust, custodial, administration, lending, index calculation and/or maintenance and other
services.

Options and Futures related research: If the information contained herein regards options- or futures-related research, such information is
available only to persons who have received the proper options or futures risk disclosure documents. Please contact your J.P. Morgan
Representative or visit https://www.theocc.com/components/docs/riskstoc.pdf for a copy of the Option Clearing Corporation's Characteristics
and Risks of Standardized Options or

https://www.finra.org/sites/default/files/2020-08/Security Futures Risk Disclosure Statement 2020.pdf for a copy of the Security Futures
Risk Disclosure Statement.

Changes to Interbank Offered Rates (IBORs) and other benchmark rates: Certain interest rate benchmarks are, or may in the future
become, subject to ongoing international, national and other regulatory guidance, reform and proposals for reform. For more information, please
consult: https://www.jpmorgan.com/global/disclosures/interbank offered rates

Notification for Credit Ratings: If this material includes credit ratings, such credit ratings provided by Japan Credit Rating Agency, Ltd. (JCR)
and Rating and Investment Information, Inc. (R&I), are credit ratings provided by Registered Credit Rating Agencies (credit rating agencies
registered under the Financial Instruments and Exchange Law of Japan (FIEL)). With respect to credit ratings that are provided by credit rating
agencies other than JCR and R&I and have no stipulation that such credit ratings are provided by Registered Credit Rating Agencies, this means
that such credit ratings are Non Registered Ratings (credit ratings provided by credit rating agencies not registered under the FIEL). Among the
Non Registered Ratings, with respect to those credit ratings provided by S&P Global Ratings (S&P), Moody’s Investors Service (Moody’s), or
Fitch Ratings (Fitch), prior to making investment decision based on such Non Registered Ratings, please carefully read the “Explanation Letter
regarding Non Registered Ratings™ for the corresponding credit rating agency, which we separately have sent or will send.

Private Bank Clients: Where you are receiving research as a client of the private banking businesses offered by JPMorgan Chase & Co. and its
subsidiaries (“J.P. Morgan Private Bank™), research is provided to you by J.P. Morgan Private Bank and not by any other division of J.P. Morgan,
including, but not limited to, the J.P. Morgan Corporate and Investment Bank and its Global Research division.

Legal entity responsible for the production and distribution of research: The legal entity identified below the name of the Reg AC Research
Analyst who authored this material is the legal entity responsible for the production of this research. Where multiple Reg AC Research Analysts
authored this material with different legal entities identified below their names, these legal entities are jointly responsible for the production of
this research. Where more than one legal entity is listed under an analyst’s name, the first legal entity is responsible for the production unless
stated otherwise. Research Analysts from various J.P. Morgan affiliates may have contributed to the production of this material but may not be
licensed to carry out regulated activities in your jurisdiction (and do not hold themselves out as being able to do so). Unless otherwise stated
below in the legal entity disclosures, this material has been distributed by the legal entity responsible for production, or where more than one
legal entity is listed under the analyst’s name, the first legal entity will be responsible for distribution. If you have any queries, please contact the
relevant Research Analyst in your jurisdiction or the entity in your jurisdiction that has distributed this research material.

Legal Entities Disclosures and Country-/Region-Specific Disclosures:
Argentina: JPMorgan Chase Bank N.A Sucursal Buenos Aires is regulated by Banco Central de la Republica Argentina (“BCRA”- Central
Bank of Argentina) and Comision Nacional de Valores (“CNV”- Argentinian Securities Commission - ALYC y AN Integral N°51).

Australia: J.P. Morgan Securities Australia Limited (“JPMSAL”) (ABN 61 003 245 234/AFS Licence No: 238066) is regulated by the
Australian Securities and Investments Commission and is a Market Participant of ASX Limited, a Clearing and Settlement Participant of ASX
Clear Pty Limited and a Clearing Participant of ASX Clear (Futures) Pty Limited. This material is issued and distributed in Australia by or on
behalf of JPMSAL only to "wholesale clients" (as defined in section 761G of the Corporations Act 2001). A list of all financial products covered
can be found by visiting https://www.jpmm.com/research/disclosures. J.P. Morgan seeks to cover companies of relevance to the domestic and
international investor base across all Global Industry Classification Standard (GICS) sectors, as well as across a range of market capitalisation
sizes. If applicable, in the course of conducting public side due diligence on the subject company(ies), the Research Analyst team may at times
perform such diligence through corporate engagements such as site visits, discussions with company representatives, management presentations,
etc. Research issued by JPMSAL has been prepared in accordance with J.P. Morgan Australia’s Research Independence Policy which can be
found at the following link: J.P. Morgan Australia - Research Independence Policy.

Brazil: Banco J.P. Morgan S.A. is regulated by the Comissao de Valores Mobiliarios (CVM) and by the Central Bank of Brazil. Ombudsman
J.P. Morgan: 0800-7700847 / 0800-7700810 (For Hearing Impaired) / ouvidoria.jp.morgan@jpmchase.com.

Canada: J.P. Morgan Securities Canada Inc. is a registered investment dealer, regulated by the Canadian Investment Regulatory Organization
and the Ontario Securities Commission and is the participating member on Canadian exchanges. This material is distributed in Canada by or on
behalf of J.P.Morgan Securities Canada Inc.

Chile: Inversiones J.P. Morgan Limitada is an unregulated entity incorporated in Chile.

China: J.P. Morgan Securities (China) Company Limited has been approved by CSRC to conduct the securities investment consultancy
business.
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Colombia: Banco J.P. Morgan Colombia S.A. is supervised by the Superintendencia Financiera de Colombia (SFC).

Dubai International Financial Centre (DIFC): JPMorgan Chase Bank, N.A., Dubai Branch is regulated by the Dubai Financial Services
Authority (DFSA) and its registered address is Dubai International Financial Centre - The Gate, West Wing, Level 3 and 9 PO Box 506551,
Dubai, UAE. This material has been distributed by JP Morgan Chase Bank, N.A., Dubai Branch to persons regarded as professional clients or
market counterparties as defined under the DFSA rules.

European Economic Area (EEA): Unless specified to the contrary, research is distributed in the EEA by J.P. Morgan SE (“JPM SE”), which is
authorised as a credit institution by the Federal Financial Supervisory Authority (Bundesanstalt fiir Finanzdienstleistungsaufsicht, BaFin) and
jointly supervised by the BaFin, the German Central Bank (Deutsche Bundesbank) and the European Central Bank (ECB). JPM SE is a
company headquartered in Frankfurt with registered address at TaunusTurm, Taunustor 1, Frankfurt am Main, 60310, Germany. The material
has been distributed in the EEA to persons regarded as professional investors (or equivalent) pursuant to Art. 4 para. 1 no. 10 and Annex II of
MiFID II and its respective implementation in their home jurisdictions (“EEA professional investors”). This material must not be acted on or
relied on by persons who are not EEA professional investors. Any investment or investment activity to which this material relates is only
available to EEA relevant persons and will be engaged in only with EEA relevant persons.

Hong Kong: J.P. Morgan Securities (Asia Pacific) Limited (CE number AAJ321) is regulated by the Hong Kong Monetary Authority and the
Securities and Futures Commission in Hong Kong, and J.P. Morgan Broking (Hong Kong) Limited (CE number AAB027) is regulated by the
Securities and Futures Commission in Hong Kong. JP Morgan Chase Bank, N.A., Hong Kong Branch (CE Number AAL996) is regulated by the
Hong Kong Monetary Authority and the Securities and Futures Commission, is organized under the laws of the United States with limited
liability. Where the distribution of this material is a regulated activity in Hong Kong, the material is distributed in Hong Kong by or through J.P.
Morgan Securities (Asia Pacific) Limited and/or J.P. Morgan Broking (Hong Kong) Limited.

India: J.P. Morgan India Private Limited (Corporate Identity Number - U67120MH1992FTC068724), having its registered office at J.P. Morgan
Tower, Off. C.S.T. Road, Kalina, Santacruz - East, Mumbai — 400098, is registered with the Securities and Exchange Board of India (SEBI) as a
‘Research Analyst” having registration number INHO00001873. J.P. Morgan India Private Limited is also registered with SEBI as a member of
the National Stock Exchange of India Limited and the Bombay Stock Exchange Limited (SEBI Registration Number — INZ000239730) and as a
Merchant Banker (SEBI Registration Number - MB/INM000002970). Telephone: 91-22-6157 3000, Facsimile: 91-22-6157 3990 and Website:
http://www.jpmipl.com. JPMorgan Chase Bank, N.A. - Mumbai Branch is licensed by the Reserve Bank of India (RBI) (Licence No. 53/
Licence No. BY.4/94; SEBI - IN/CUS/014/ CDSL : IN-DP-CDSL-444-2008/ IN-DP-NSDL-285-2008/ INBIO0000984/ INE231311239) as a
Scheduled Commercial Bank in India, which is its primary license allowing it to carry on Banking business in India and other activities, which a
Bank branch in India are permitted to undertake. For non-local research material, this material is not distributed in India by J.P. Morgan India
Private Limited. Compliance Officer: Pranav Sata; pranav.d.sata@jpmchase.com; +912261573209. Grievance Officer: Ramprasadh K,
jpmipl.research.feedback@jpmorgan.com; +912261573000. Registration granted by SEBI and certification from NISM in no way guarantee
performance of the intermediary or provide any assurance of returns to investors. Please visit Terms and Conditions and Most Important Terms
and Conditions (MITC). The annual Compliance audit report is available at http://www.jpmipl.com/#research.

Indonesia: PT J.P. Morgan Sekuritas Indonesia is a member of the Indonesia Stock Exchange and is registered and supervised by the Otoritas
Jasa Keuangan (OJK).

Korea: J.P. Morgan Securities (Far East) Limited, Seoul Branch, is a member of the Korea Exchange (KRX). JPMorgan Chase Bank, N.A.,
Seoul Branch, is licensed as a branch office of foreign bank (JPMorgan Chase Bank, N.A.) in Korea. Both entities are regulated by the Financial
Services Commission (FSC) and the Financial Supervisory Service (FSS). For non-macro research material, the material is distributed in Korea
by or through J.P. Morgan Securities (Far East) Limited, Seoul Branch.

Japan: JPMorgan Securities Japan Co., Ltd. and JPMorgan Chase Bank, N.A., Tokyo Branch are regulated by the Financial Services Agency in
Japan.

Malaysia: This material is issued and distributed in Malaysia by JPMorgan Securities (Malaysia) Sdn Bhd (18146-X), which is a Participating
Organization of Bursa Malaysia Berhad and holds a Capital Markets Services License issued by the Securities Commission in Malaysia.

Mexico: J.P. Morgan Casa de Bolsa, S.A. de C.V. and J.P. Morgan Grupo Financiero are members of the Mexican Stock Exchange and are
authorized to act as a broker dealer by the National Banking and Securities Exchange Commission.

New Zealand: This material is issued and distributed by JPMSAL in New Zealand only to "wholesale clients" (as defined in the Financial
Markets Conduct Act 2013). JPMSAL is registered as a Financial Service Provider under the Financial Service providers (Registration and
Dispute Resolution) Act of 2008.

Philippines: J.P. Morgan Securities Philippines Inc. is a Trading Participant of the Philippine Stock Exchange and a member of the Securities
Clearing Corporation of the Philippines and the Securities Investor Protection Fund. It is regulated by the Securities and Exchange Commission.

Singapore: This material is issued and distributed in Singapore by or through J.P. Morgan Securities Singapore Private Limited (JPMSS)
[MDDI (P) 057/08/2025 and Co. Reg. No.: 199405335R], which is a member of the Singapore Exchange Securities Trading Limited, and/or
JPMorgan Chase Bank, N.A., Singapore branch (JPMCB Singapore), both of which are regulated by the Monetary Authority of Singapore. This
material is issued and distributed in Singapore only to accredited investors, expert investors and institutional investors, as defined in Section 4A
of the Securities and Futures Act, Cap. 289 (SFA). This material is not intended to be issued or distributed to any retail investors or any other
investors that do not fall into the classes of “accredited investors,” “expert investors” or “institutional investors,” as defined under Section 4A of
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the SFA. Recipients of this material in Singapore are to contact JPMSS or JPMCB Singapore in respect of any matters arising from, or in
connection with, the material.

South Africa: J.P. Morgan Equities South Africa Proprietary Limited and JPMorgan Chase Bank, N.A., Johannesburg Branch are members of
the Johannesburg Securities Exchange and are regulated by the Financial Services Conduct Authority (FSCA).

Taiwan: J.P. Morgan Securities (Taiwan) Limited is a participant of the Taiwan Stock Exchange (company-type) and regulated by the Taiwan
Securities and Futures Bureau. Material relating to equity securities is issued and distributed in Taiwan by J.P. Morgan Securities (Taiwan)
Limited, subject to the license scope and the applicable laws and the regulations in Taiwan. To the extent that J.P. Morgan Securities
(Taiwan) Limited produces research materials on securities not listed on the Taiwan Stock Exchange or Taipei Exchange (“Non-Taiwan
Listed Securities”), these materials shall not constitute securities recommendations for the purpose of applicable Taiwan regulations,
and, for the avoidance of doubt, J.P. Morgan Securities (Taiwan) Limited does not act as broker for Non-Taiwan Listed Securities.
According to Paragraph 2, Article 7-1 of Operational Regulations Governing Securities Firms Recommending Trades in Securities to Customers
(as amended or supplemented) and/or other applicable laws or regulations, please note that the recipient of this material is not permitted to
engage in any activities in connection with the material that may give rise to conflicts of interests, unless otherwise disclosed in the “Important
Disclosures” in this material.

Thailand: This material is issued and distributed in Thailand by JPMorgan Securities (Thailand) Ltd., which is a member of the Stock Exchange
of Thailand and is regulated by the Ministry of Finance and the Securities and Exchange Commission, and its registered address is 3rd Floor, 20
North Sathorn Road, Silom, Bangrak, Bangkok 10500.

UK: Research is produced in the UK by J.P. Morgan Securities plc (“JPMS plc”) which is a member of the London Stock Exchange and is
authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation Authority or
J.P. Morgan Markets Limited (“JPMML Ltd”’) which is authorised and regulated by the Financial Conduct Authority. Unless specified to the
contrary, this material is distributed in the UK by JPMS plc and is directed in the UK only to: (a) persons having professional experience in
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