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Memory — How to Play the New
Al Bottleneck

Memory sits in a capacity-constrained cycle with unusually long
order visibility driven by Al inference. For 2026, the risk is
execution and transition, not demand. A steeper pricing climb
and favourable conditions likely persist through 2027. Multiples
have expanded, but we think stock calls can still work with much
higher earnings upside from here.

Inference becomes a memory challenge, not just compute. Memory access
increasingly determines the performance of longer text, image/video and Agentic Al
workflows, with far more robust memory requirements than prior Al models to
support context, autonomy and continuous learning. These systems require superior
server DRAM and enterprise NAND to function effectively.

Memory cycle - a steeper pricing climb. Memory pricing power is shifting at
lighting speed. We expect a steeper upcycle with rapid gains in DRAM, HBM, NAND,
and legacy memory. Innovation and architectural redesign continue to improve
memory efficiency, enabling Al systems deliver better latency and cost profiles,
materially enhancing user experience. This lowers the economic barrier to adoption
and unlocks a significantly larger Al TAM, even as aggregate memory demand
continues to scale with broader deployment. Our analysis suggests that text-only Al
inference alone could account for 35% of 2026 global memory supply for DRAM
and 92% for NAND.

What's changed? The key debate is now shifting to whether supply can catchup and
where the true choke point sits, and therefore whether tightness and pricing power
persist or normalize. Near-term price expectations matter less, in our view, but our
channel checks indicate potential upside to already aggressive 70%+QoQ hikes for
both DRAM and NAND. Inventory level continues to fall across the supply chain.
Capex acceleration is inevitable, focused on DRAM, and we do expect more
meaningful greenfield expansions from 2027. The supply-demand gap for legacy
memory is widening further for DDR4/3, NOR and SLC/MLC NAND and we raise
Price Targets across the board.

Bottlenecks are the winners - buy memory and semicap, especially EUV. We
prefer higher pricing power in DRAM (Samsung, SK hynix, MU), legacy memory
(Winbond), HDD (WDC), and capex benefits via SPE (ASML), packaging (DISCO) vs.
downstream hardware and consumer facing margin pressure. Negative factors to
watch include the impact of demand destruction for system/hardware device

vendors and challenging YoY growth comparisons from 2H26 for memory.
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How to Play the Al Bottleneck?

Historic memory shortage - a precursor to a historic semiconductor production
footprint. With DRAM prices now surpassing metals as a benchmark of scarcity, the
memory sector enters a period of extended capacity constraint. Memory along with
advanced logic foundry manufacturers must find ways to secure and manage supply chains
for rapidly growing Al infrastructure consumption and ensure expansion in wafer
manufacturing. The bottlenecks in the semiconductor industry become the winners in
stocks performance and the knock-on effect on adjacent parts of semiconductors tends to
be underestimated — the key bottleneck to Al has shifted to commodity DRAM and NAND
from CoWoS and HBM. Next could be semiconductor equipment — in particular EUV
(ASML Holding NV: Stronger Set-Up for 2027; Raise PT to €1,400). Hence our global top
10 picks to play the memory bottleneck:

¢ DRAM - Samsung, MU and also like SK hynix
¢ Legacy Memory — Winbond

e Storage — WDC

e Advanced packaging — DISCO

e Semicap — AMAT, ASMI

e EUV - ASML

The nature of the correlation. The semicap (semiconductor capital equipment) as well as
the logic foundry cycles are closely and intrinsically correlated to the DRAM cycle, with
the memory market acting as a primary driver of the broader semiconductor industry's
cyclical nature. In the short run, there is no sign of an imminent peak in memory pricing
and profitability — add the recent TSMC strong capex guide with leading edge foundry
tightness and capex for the industry is set to accelerate towards all time highs by 2027-28.
Semicap companies generally experience the upturn (and downturn) in profitability one to
two quarters ahead of memory makers, as equipment orders are placed well in advance of
production. However, stocks inflect around the same time as illustrated in Exhibit 1. The

share performance lag is significant and a material catch-up more probable.

Exhibit 1: ASML vs. DRAM YoY performance — significant laggard

= ASML DRAM

Source: FactSet, Morgan Stanley Research.
Note: Three DRAM companies = Samsung Electronics, Micron and SK Hynix
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Exhibit2: ASML orders well below peak today Exhibit 3: Semicap exposure landscape
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EUV Lessons from History — Time to Play Chess, Not Checkers
ASML - Party Like It's 2010. The period between 2010-12 was extremely capacity-

constrained in EUV lithography, and saw extremely limited volumes of production
from ASML as the sole viable EUV tool supplier. As EUV tools were not yet
production-worthy, they required co-development, risk-sharing and guaranteed
demand to justify continued investment. In other words, access to EUV tools was
determined less by price and more by risk tolerance and strategic commitment. We
see a similar potential set-up with EUV capacity increasingly constrained into 2027-
28e. What's different this time is both SK hynix and Micron using 6-layers of EUV
for future 1c/gama DRAM and lots of cash on the balance sheet competing for

tools vs. Samsung and advanced logic foundry.

Samsung hoarding EUV tools. Samsung Electronics positioned itself as a lead EUV
partner, by placing early tool reservations, engaging in a deep engineering
collaboration and expressed willingness to absorb potential yield risks. Samsung
Electronics ended up absorbing a disproportionate share of early EUV tool
availability, effectively 'crowding out' other logic players like TSMC and Intel. As a
result, TSMC and Intel were forced to rely longer on advanced DUV multi-
patterning tools. This episode has preceded and catalyzed a shift from
transactional equipment purchasing to strategic co-ownership of critical supply-
chain assets.
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Exhibit 4:
South Korea Semiconductor Equipment Imports
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Source: Korea Customs, Morgan Stanley Research

Strategic assets. In 2012, ASML announced a customer co-investment program
sized at €1.38bn in minority stake purchases and long-term R&D funding, with Intel
(15%), Samsung (3%) and TSMC (5%) participating and ASML remaining
independent with no control rights held by any customers. Although the
announcement of this partnership generated a muted market reaction, this episode
highlighted a structural feature of the semiconductor supply chain — control over
bottleneck capital equipment can temporarily reshape competitive dynamics, even
without formal exclusivity. Today, we see similar discussions around Advanced
Packaging Capacity, HBM supply chains and Foundry co-investment models.

Memory players' current engagement with ASML's EUV (High-NA EUV tool) in
the form of acquisition and strategic partnership: ASML has been building a
substantial research and support campus in Hwasung, South Korea, designed to
strengthen collaboration with both Samsung and SK hynix.

e Samsung is planning to purchase multiple ASML High-NA EUV tools with
plans to install them for 2nm foundry production (not memory). This
represents a lead deployment among major players rather than a passive

position.

¢ In 2025, hynix installed an ASML Twinscan NXE:5200B High-NA EUV
system at its M16 fab in Incheon, South Korea. This marks the first High-NA
EUV tool deployed for memory production outside R&D usage. As the first
to integrate a High-NA EUV system in a mass production context, SK hynix
is implicitly partnering with ASML on both deployment and development of
new lithography capabilities.
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Exhibit 5: ASML outperformed Exhibit 6: ASML NTM PE 2010-12
the MSCI 2010-2012 —— ASHL Holding NV - PE NI
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Memory — why the sudden bottleneck?

Memory becomes a significant bottleneck for Al development. Key-Value (KV) Cache is
emerging as the primary memory scaling constraint in transformer inference. As context
lengths and concurrency rise, KV Cache memory grows linearly, saturating high-bandwidth
memory well before compute limits are reached. This makes inference increasingly
memory-bound and underpins the industry's push toward architectural and software-level
memory efficiency. Al inference is fundamentally different from LLM training and is
becoming increasingly difficult to scale. Recent breakthroughs and emerging usage
patterns make inference more memory-intensive, often requiring additional high-
bandwidth memory rather than less. Current trends that are increasing the memory
requirements of inference and amplifying the KV Cache problem include:

¢ Context - Memory in Agentic Al is deeply intertwined with context — without
context, even the most sophisticated conversation becomes meaningless
(tendency to hallucinate). Context constantly retrieves prior shared history to
make sense of the present. It increases compute and significantly more memory
demand as the amount of information the LLM model can look at rises
meaningfully when generating an answer that is of quality.

¢ Reasoning generates a long sequence of thinking before the final answer, similar to
how people solve a problem step-by-step. This significantly increases latency and
the long sequence of thought tokens strains the memory.

» Multimodal (images, audio, video generation) are larger data types that consume
far more than text generation.

* Mixture of Experts (MoE) expands memory usage with the use of multiple
experts (for example, China DeepSeekv3 has 256 MoE) invoked selectively rather
than a single dense feed-forward block, which allows model size to grow
significantly for higher quality (relative to a modest increase in training cost) and
help training.
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Exhibit 7: Al Inference Prefill vs. Decoding stages
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Al is L the Future of Technology

Source: Morgan Stanley Research

The Al hardware race has pivoted towards less glamorous memory from previous
compute horsepower. Compute determines Al but memory now determines how far
and how fast it can scale. As Al systems move further away from training towards
inference, the physics of performance changes with Al inference workloads, especially
Agentic Al, which is increasingly more memory-bound than compute-bound. Memory lives
at different layers in an Al Agent system (short-term working memory, stored general
facts, long-term memory span, pre-trained external knowledge base, tool outputs, user
history). As models grow in size and context windows expand, the challenge is less about

how fast chips can compute but how quickly they can feed data to those processors.

A step change in Al is underway in 2026... The Al industry is shifting from generative Al
to Agentic Al, with 2025 being the year when we mastered reasoning and introduced
Agentic Al, to 2026, which will be about moving Al from experimentation to core
infrastructure and enterprise agent adoption. These agents are now more reliable, have
stronger memory, have fewer hallucinations and continuous learning has begun. We are in
the process of fusing frontier models with customized open-source systems running on
enterprise servers. The next end market will be much bigger — that is Physical, when we

move intelligence from the cloud into industrial Al and humanoids.

... with a dramatic impact for memory. Agentic Al drives massive demand for DRAM and
NAND by requiring significantly higher memory capacity and performance to support its
core functions of context, autonomy, planning and continuous learning. We are shifting
from reactive single-task models to proactive, autonomous, and continuously learning
systems that require significant and reliable memory resources to function effectively.
This shift has led DRAM demand prioritizing the production of high-end, Al-specific

memory, driving up overall DRAM demand surge and prices.
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Exhibit 8: Agentic Al — Memory tiers illustration
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What is the long-term bull case for memory?

We're still at the beginning, not the end. Despite recent progress, ChatGPT is only three
years old, operational 1GW data centers don't yet exist, and experts see “no walls in sight”
for pre-training. Al models continue to exhibit substantial headroom for improvement
through both increased compute and efficiency gains, as demonstrated by recent
breakthroughs such as DeepSeek V4. Beyond traditional scaling, we are uncovering new
optimization levers across training and inference, including dynamic reasoning depth (how
much a model 'thinks' before responding). At the same time, the growing adoption of
vision and multimodal Al models is structurally increasing memory requirements, as these
workloads process high-dimensional inputs and maintain larger intermediate
representation in fast memory. We have found new scaling relationships in other parts of

model training and inference, including how much to think before answering a question.
Exhibit 9: Number of Al models released
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Source: Our World in Data, Morgan Stanley Research

The Al buildout keeps hitting new infrastructure limits. For memory, it is facing the
largest global scaling of any tech wave in history. Al agents are quickly becoming a critical
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bottleneck and the next wave of progress with Al agents will not come from better
reasoning but rather will come from better context handling. An Al assistant that
remembers everything is more useful than a bigger model that remembers little. This

means more memory layers to unlock far more value than reasoning improvements.

Memory and context management are increasingly the bottleneck. The agent's source
code is just the orchestration layer whereas the heavy lifting happens in how memory gets
ingested, organized, and retrieved. Memory systems are quickly becoming the hidden
complexity behind agents. If code used to be the bottleneck, memory might be the new
one. LLMs remember just enough context to sustain a conversation, but not a lifetime of
them. For many users, that’s fine but for anyone who imagines Al as a permanent cognitive

partner or agent, it's a structural frustration.

* Storage cost: Keeping billions of users' full conversation histories, indexed and
instantly retrievable, would explode storage needs and retrieval latency.

e Processing cost: Even if the data is stored, every query would need more compute
to search, rank and contextualize. That translates directly into higher per-prompt
costs.

e Hardware cost: A typical Al server uses 8X more memory than traditional servers,

and with each generation, that number climbs even higher.

Innovation and higher efficiency. DeepSeek recent research paper 'Conditional Memory
via Scalable Lookup: A New Axis of Sparcity for LLMs' demonstrates a pathway to scaling
model capacity beyond HBM limits by decoupling reasoning from knowledge storage. In
this architecture, latency-critical reasoning remains resident in HBM, while large, less
frequently accessed knowledge memory is off-loaded to CXL-attached DDR5. This
effectively introduces memory as a new axis of sparsity, enabling meaningful model
scaling even as HBM capacity remains constrained.

More NAND - NVIDIA Inference Context Memory Storage Platform. At CES, Nvidia
showcased its inference context memory storage platform which serves as a KV Cache for
inferencing. This platform is powered by the NVIDIA BlueField-4 DPU (Data Processing
Unit) and inserted another tier of eSSD storage, which manages the off-loading and
sharing of KV Cache data. In a typical configuration, this infrastructure allows for an
additional 16TB of high-speed SSD storage (presumably NVMe) to be directly associated
with each Rubin GPU, functioning as an extension of the system's memory hierarchy to
handle extremely large context lengths. With DPU moving from BlueField-3 to 4, DRAM
content also upgraded from 32GB DDR5 to 128GB LPDDR5X.
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Exhibit 10: NVIDIA Inference Context Memory Storage Platform

Context is the New Bottleneck -
Storage Must be Rearchitected

Model Size Growing
Context Length Growing
Multi-Turn Conversations - Context Accumulates

More Concurrent Users and Sessions
Memory

Rack SSD

Network SSD

Source: NVIDIA CES 2026 Keynote Context Storage

Sizing the Inference TAM

It is almost impossible to calculate the exact demand on memory given the changing
dynamics on user growth, applications, and technology innovation. What investors are
primarily trying to understand is how much incremental TAM can be added as KV Cache
expands. Currently, most of the hot KV Cache is stored in HBM/DRAM, which means not
only that it is expensive but also the memory duration will be short. Allowing KV Cache to
be offloaded to eSSD makes longer context and longer memory duration possible, which
can in turn significantly enhance current applications and create a better inference setup

for Agentic Al development and penetration.

In Exhibit 11, we calculated the tiered memory usage of a ChatGPT like model with key
assumptions below (full assumptions in Appendix: Memory Usage Tier Breakdown

Assumptions ):

e We assumed 800 million weekly active users (Peak QPS 300,000 reg/s)

* Input tokens/request: 2,000 tokens

e We assumed live KV is 50%/50% split on HBM and DRAM and reused KV Cache is
40% on DRAM vs. 60% on NAND. (KV Cache in FP16 precision)

 Assumed text only applications; image/video demand is not considered in this
model

e We stick to the industry current common practice for the rest of our assumptions

to the extent possible

In conclusion, for a 200,000 GPU cluster that runs such a model, the HBM usage is
around 200PB, DRAM 4EB, NAND 42EB on warm data/KV Cache offload and datalake
demand is around 260EB. If we assume globally there are three such models, the total Al
inference demand will account for 17%, 35% and 92% of 2026 global memory supply
respectively for HBM, DRAM and NAND.
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Exhibit 11: Tiered Memory / Storage Usage Breakdown

Tier Component Total (TiB) Total (PiB) Notes
HBM Live KV (hot) 330 0 50% of live KV
DRAM Live KV (warm) 330 0 50% of live KV
Rack SSD  Live KV (offload) - -
DRAM KV reuse cache (24h, 50%) 4,169,941 4,072 Time-integrated retained KV 40% in DRAM, 60% in Rack SSD
Rack SSD KV reuse cache (24h, 50%) 6,254,911 6,108 Time-integrated retained KV 40% in DRAM, 60% in Rack SSD
HBM GPU overheads 18,750 18 (workspace+runtime+side models)
HBM Weights on active experts (top-2/128) 186,731 182 Set input if known
DRAM Host buffers/state 0 0 per-seq host state
Rack SSD  Local Rack SSD caches/logs 36,379,788 35,527 200 TB/node (decimal)
HBM Total 226,291 226
DRAM Total 4,585,261 4,585
RackSSD  Total 46,877,348 46,877
Datalake  RAG + logs + caches (central) 293,556,000 293,556

Source: Morgan Stanley Research estimates

Note: detailed assumptions in Appendix

Extending context length and increasing the KV Cache will have the most obvious
incremental uplift on DRAM and Rack SSD (assuming Effective live window capped the
usage of HBM and Datalake is more relevant to model size, RAG and other factors). By
increasing the input tokens from 2000 tokens/request to 5,000 tokens/request holding
other assumptions unchanged, the incremental KV Cache will increase the DRAM demand
by around 2EB and Rack SSD by 3EB per model.

Exhibit 12: Sensitivity test on input token / request per model

Input tokens / request HBM TOTAL (PB) DRAM TOTAL (PB) Rack SSD TOTAL (EB) Datalake TOTAL (EB)
2,000 226 4,585 47 294
5,000 226 6,648 50 294
10,000 226 10,087 55 294
20,000 226 16,964 65 294
50,000 226 37,597 9% 294
100,000 226 71,983 148 294
200,000 226 140,757 251 294

Source: Morgan Stanley Research estimates

Exhibit 13: Inference-stage storage by memory tier

Storage tier What lives here in practice

* Model weights (active shards)
* Hot KV cache (recent tokens only, typically last 256-1,024 tokens)
HBM (GPU memory) . P y activati ! (attention scratch, GEMM buffers, logits, NCCL buffers)
* Runtime metadata (KV block tables, schedulers, CUDA graphs)
* Occasionally small side models (safety filters, routers)

* Warm KV cache (paged / offloaded)
* Evicted KV blocks from HBM (majority of KV at scale)
Host DRAM (CPU memory) * Request/session state (token queues, schedulers, batching metadata)
* Prompt text + tokenized inputs
* Optional CPU-resident weights (rare for high-throughput chat)

* Cold KV spill (emergency or batch/offline inference only)
* KV checkpoints for long jobs

* Local caches (prompt cache, embedding cache)

* Node-level logs and short-term telemetry buffers

Local/ in-rack NAND (NVMe / SSD)

* Model storage (checkpoints, sharded weights, multiple variants)
* KV spill for offline / recovery (not latency-sensitive)
Datalake (shared storage) * RAG corpora and indices
* Logs, telemetry, traces
* Long-lived caches (prompt reuse, embeddings, evaluation artifacts)

Source: Morgan Stanley Research

What's changed?

Price hikes everywhere. Given recent buyer-seller negotiations, we see DRAM pricing
momentum to remain exceptionally strong into 1Q26, with upside risk to its prior forecast.
Global DRAM market has entered a phase of dramatic price inflation, driven primarily by
the three major suppliers reallocating capacity toward high-margin server DRAM and HBM
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to meet robust Al inference and infrastructure demand from major CSPs. This shifts has
created a severe 'capacity crowding-out effect’ for PC, mobile, and consumer DRAM,
resulting in a firmly entrenched high-price, low-volume seller's market. With US CSPs
willing to absorb substantial price increases and actively signing long-term contracts to
secure supply, we see customers offering 50-85% QoQ price hikes on DRAM for more
allocation in 1Q26.

¢ On DRAM, we see 1Q26 pricing of 80-85% QoQ and 60-65% QoQ increase for

mainstream DDR5 for PC DRAM and Server DRAM respectively. General server
demand has been revised upward again, driven by accelerated replacement cycles
at CSPs against a backdrop of already tight DRAM supply. US CSP customers are
increasingly securing volumes through long-term supply agreements, while OEMs
with weaker bargaining power face acute supply constraints and reduced
allocation. Smartphone and PC customers are forced to accept the higher prices
despite lingering concerns on shipment growth.

On HBM, prices are moving higher on upside orders from H200. We see some
ASIC customers are also adding orders for HBM3E 12hi, which could result in a
better than feared pricing adjustment (-10% YoY vs. -30% previously). HBM
qualification is still ongoing and final result is delayed to March with mass
production expected in late 1Q/early 2Q. Samsung accelerates the capacity
expansion for TSV capacity (from 170kwpm to 220kwpm by the end of 2026). SK
hynix slightly revised up from 180kwpm to 200kwpm while Micron stays flat at
90kwpm.

On NAND, our channel checks indicate the pricing range could be around 50-80%
depending on the customers vs. consensus 55-60% QoQ increase. QLC eSSD
supply remains the tightest and could see 70-80% QoQ price hikes while some
suppliers who hiked less in 4Q25 are now asking to double the price in 1Q to catch
up with the industry trend. Our channel checks indicate that there are some
suppliers in talks for LTA down payments, which indicates potential greenfield
capex expansion from 2027 onwards, but this should not be a concern on the
overall supply and demand dynamics as the new capacity will take at least 1-1.5

years to fully ramp.

On legacy memory, we believe the supply demand gap could widen further for
DDR% & 3, NOR and SLC/MLC NAND. TrendForce forecasts DDR& pricing to
increase as much as 93-98% QoQ in 1Q26. Some old memory vendors could even
share the HBM growth. Winbond is Top Pick, and we believe Nanya Tech,
Macronix, Longsys, AP Memory, GigaDevice and PSMC are all positioned to
benefit from the current setup.

On module makers, we expect volume shipment to be limited in 4Q/1Q but gross
margin should improve to 30%+ level for Chinese module makers due to favorable
pricing. The pressure of increasing inventory costs should be alleviated this time as

the increasing wafer price can be 100% pass down to customers.
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Exhibit 14: TrendForce, Pricing Forecast

Mar-25 Jun25 Sep-25 Dec.25 Jan-26 Jan-26 Oct25 Oct25
3a26E
DDR#: down 13-18% DDR4:up4348% | DDR4:up93.98% DDR4: up28-33%
DDRS: down 10-15% | DOReup 13-18% CLRIENTEESEED DDRS: up 38-43% DDRS: up 80-85% DDRS: up 20-25%
PC DRAM DDRS:up 3-8% R5: up 3-8% wp38% p05%
Blended ASP: down 10- . o, Blended ASP:up38- | Blended ASP: up 80-  Blended ASP: up 20-
Blendod ASP: up 3-8%  Blended ASP: up 8-13% J
43% a5% 25%
DDRé: down 10-15% .  DDR4upGOGS% DDR&:UpG570%  DDRA:up 10-15%
Server DRAM DORS: down38% | oo aos’ | obahi9gy’ | DDRSpS3S8% | DDRSup60GS%  DDRS up10-15% o 5%
ontod Ao douns | OGRS DORswpaen | MR O e enesrarn o ®
10% P 40 58% 65% 15%
Mobile DRAM LPDDRéX: down 8-13% LPDDRAX: up 0-6%  LPDDRAX: up 38-43% | LPDDRAX: up48-53% | LPDDRAX: up 53:58%  LPDDRAX:up 8-13% | LPDDR4X: mostlyflt  LPDDRAX: mostly flat

LPDDRS(x): down 3-68% LPDDRS(x): up 3-8%  LPDDRS(x): up 10-15% LPDDRS(x): up 43-48% LPDDRS5(x): 53-58%  LPDDRS(x): up 13-18% LPDDRS(x):up 5-10%  LPDDRS(x): 3-8%

GDDRS: up 0-6%
GDDRT: up 8-13%
GDDR6: up 45-50% 'DDR3: up 3-8°%
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End-market deep dive - five surprises. 1) Server demand stands out, with potentially 40-
50% server unit growth from top hyperscalers in 2026 — server DRAM demand this year is
equivalent to about 70% of the DRAM market size this year and 100% if including demand
from inventory buffer. 2) A demand inflection is taking place for China H200 HBM and
potentially much more in 2027. 3) We see upside order for HBM3e from both ASIC top
customers and GPU makers. &) DDR4 demand has picked up meaningfully since April
2025, with price hikes likely by 65-70% in 1Q26 on reduced supply allocation to other
parts of the DRAM market. 5) Inventory is now significantly below normal levels for
DRAM producers.

Where are we in the cycle?

DRAM stocks offer better relative value than the semiconductor group and still among
the cheapest among semis. Memory remains the largest and fastest growing market in
semiconductors in 2026, accelerating well above 40% YoY growth. Despite the strong
rally, we still see a positive risk-reward balance across memory equities, underpinned by a
sharp return of pricing inflation and lagging consensus earnings forecasts, which leave the
group well placed to close the valuation gap with Al semiconductors more broadly.

Cycle in context. Let's pretend it's 2H26 and look ahead a few months and ask ourselves...

What does a memory cyclical inflection on the way down look like?

It is a combination of 1) Major expectation reset by management — maximum bullish; 2)
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Capex is finally raised, often by more than 30-40%; and most important 3) we see 3 things

— inflection at trough inventory, peak YoY pricing (the rate of change is plateauing) and

stock price action. We don't have any of that so far.

This is what a peak in the cycle looks like... We are not ticking on all 3 preconditions for

the peak in memory stocks:

 Trough inventory - it does not need to bottom today, but we don't have a line of

sight on when it does. We see inventory declining further in the coming quarters,
and that’s driven by strong demand and customer panic behavior causing stock-
piling.

The YoY pricing peak is still distant and not inflecting next quarter. Contract is
no longer leading spot this time (due to HBM weakness and commodity rally) and
we see still the YoY accelerating into 2Q. Even though visibility of 2H26 is limited
now, our forecast shows that another 20% QoQ hikes in 3Q26 can extend the
acceleration, but in 4Q26 we need at least 70% QoQ price hikes to keep up the
trends given high base in 4Q25.

We do not get to good news is bad news. Stocks are still outperforming on good
news in the past 2-weeks — Al was overwhelming and not seeing sell-the-news on
MU strong results last month.

Exhibit 17: DRAM contract price YoY accelerating into TH26
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Source: FactSet, TrendForce estimates, Morgan Stanley Research

Inventory depleting quickly. DRAM inventories have come off well below normal at the

producer level, which should support bit shipment growth in 2026, as customers become

increasingly concerned about supply. Restocking of inventory and customer anxiety on

supply availability next year could add to current supply demand shortages.
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Exhibit 19: NAND Inventory level
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Stock implication

What will work in 20267 Explaining our framework. Top-down, the environment to
continue to favor the Al computing supply chain; however, it is worth remembering that
this sub-group has only been in an uptrend since April 8, 2025 (Outperformed MSCI
World IT Index by +60%). This outperformance has been driven by multiple expansion as
well as an average 42% earnings growth in 2025. We believe earnings growth
expectations will keep climbing driven by the strength of commodity pricing and HBM into
2027, providing a greater chance of investors increasing positions for DRAM companies.
Our stock selection process is bottom-up. Outside of Al, our stock preference is based on
several criteria including earnings forecasts, end-market momentum, margin expectations,
and risk-adjusted bull-bear. We seek out those companies where margin expectations are

actually deliverable and de-rating risks are manageable.

¢ US stock picks. We prefer DRAM over NAND, having recently elevated MU to a
Top Pick. DRAM has the most to gain from Al tailwinds relative to current
valuations, but those Al tailwinds are still strong for NAND as well. We expect a
very strong 2026 for Micron's fundamentals, with better clarity on HBM returns in
2027. We prefer HDD WDC and Seagate.

¢ EU semicap. Our Top Pick ASML, has significant memory exposure and is likely to
benefit as the memory cycle improves. EUV system demand is strengthened by
DRAM technology transitions which support the upward trend in lithography
intensity. For ASMI, we have assumed DRAM growth broadly in-line with our WFE
forecast of ¢.25% this year but overall exposure is limited to 15-20%. This can go
up toward 28-29 but the driver is technical (4f2) rather than cyclical. VAT Group
has long been viewed as a proxy for memory/NAND but this has been somewhat
offset by large exposure to China foundry.

¢ In Korea, SK hynix is a key beneficiary from a much steeper climb in commodity
memory and HBM pricing, making it fundamentally more attractive with a path to
significantly improve profitability. We think this potential is not fully discounted in
the price at currently 5.3x 2026E P/E, implying little value for HBM. Samsung
remains our Top Pick on relative risk reward and laggard turnaround play in both
HBM and foundry.

e KIOXIA in Japan should see an idiosyncratic re-rating opportunity driven by the
company's BiCS-8 which combines planar shrinkage, new architecture (CBA) and
multi-level cell technology to achieve higher memory density with a low capex
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burden. KIOXIA began sample shipment of 2Tb QLC product in July 2024, and the
company stated in Nov 2026 that for customer qualification of eSSD equipped
with the 2Tb QLC chip, it plans to ship the 122TB model within 2025 as scheduled
and the 245TB model in early 2026. Cost reductions from the transition to BiCS-8
is expected to accelerate from Jun-Q 2026. Given the current share price remains
under pressure due to December-quarter guidance falling short of consensus and
the recent stock sale by BCPE Pangea Cayman, we view this as an attractive entry
point. Regarding capex, we forecast KIOXIA's gross capex to be in the range of
Y350-400bn in FY3/27, compared to Y280bn in FY3/26. FY3/27 capex would be
still significantly lower compared to Y510bn in FY3/23.

Greater China memory. We see Winbond (OW, Top Pick) and GigaDevice (OW) as
beneficiaries of both legacy DRAM and NOR; other legacy DRAM beneficiaries are
Nanya Tech (OW), PSMC (OW), and AP Memory (OW) which also benefits from a
stronger IPD outlook. Macronix (OW) is a beneficiary of NOR and MLC NAND. We
continue to like Longsys and Phison ahead of a strong 1Q results and see the
concerns over margin erosion from higher costs to be alleviated this time given
stronger bargaining power amid shortage. We also highlight how the complexity
and customization of HBM base die will likely be a meaningful key growth driver
for IC design service providers and foundries.

US semicap. We see two very strong years of WFE growth in 2026-27 and model
y/y growth across all end markets. Our top OW within U.S. SPE is AMAT, given its
exposure to the most visible growth drivers - namely DRAM greenfield wafer
additions and TSMC's 3nm build - while trading at a discount to peers. We also
upgrade KLA to OW on expectations of inevitable upward revisions to foundry
capex amid looming 3nm capacity constraints, with its memory upside
underappreciated as rising process-control intensity across DRAM and NAND
drives incremental growth. While we are EW on LRCX, we maintain a positive bias
toward, supported by strong WFE growth visibility across end markets.

Japan semicap. We recommend Advantest, DISCO, Tokyo Seimitsu, and Micronics
in Japan on the following key drivers: 1) rapid growth in HBM for generative Al; 2)
high-bandwidth memory for Edge Al applications; and 3) large potential growth in
the flash memory market from the adoption of PUC.

Korea semicap. As we move into 2026, the key variable for the semiconductor
value chain is shifting decisively from headline capex cycles to actual utilization at
advanced logic nodes. We still believe new fab opening at Samsung Electronics
(P4) and SK Hynix (M15X) may still play as key catalysts for memory, but after an
extended period of under-absorption at foundry, wafer starts at sub-5nm nodes are
beginning to normalize, supported by Al-driven logic demand and internal anchor
volumes. We continue to prefer Wonik IPS as a key beneficiary of Samsung's

DRAM capex cycle (Ic nm tech migration and P4 ramps).
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Exhibit 20: Memory Risk Reward
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Exhibit 21: How to play the memory strength - most vs least favoured
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Appendix: Memory Usage Tier Breakdown Assumptions
.
Exhibit 22: Assumptions table
Category Assumption Value Ui
Demand Peak QPS 300,000
Demand Input tokens / request 2,000
Demand RAG tokens / request 4,000|RAG/Input 2:1 (in practice 2:1 - 10:1)
Demand Output tokens / request 667|Input/output 3:1
Demand Total tokens / request 6,667 tokens
Demand Peak-day tokens processed 58,300,000,000,000 | tokens/day (given)
Demand Peak-day tokens processed (from QPS) 172,800,000,000,0 y (QPS x tokens/req x 86400)
Demand Active prefill sequences 300,000|Peak QPS: 300,000 req/s; TTFT: 1.0 s
Demand Active decode sequences 1,500,000| Decode speed: 60 tokens/sec/request
Demand Active total sequences 1,800,000/given
[ KV precision (bytes/elem) 2|FP16 KV => 2 bytes
KV Layers (L) 96.00
KV KV heads (Hkv) 8.00/GQA
KV Head dim (Dhead) 128.00
KV KV bytes / token 393,216 bytes (formula: 2*L*Hkv*Dhead*bytes/elem)
KV KV bytes / token (given) 393,216/ bytes (384 KiB)
Kv Effective live window 1,024.00|tokens
KV Live KV / sequence 402,653,184.00| bytes (KV bytes/token  live window)
KV Live KV total (all active seqs) 724,775,731,200,000.00 | bytes
KV Split (Live) HBM fraction 50.00%
KV Split (Live) DRAM fraction 50.00%
KV Split (Live) Rack SSD fraction 0.00%
KV Split (Live) HBM live KV 362,387,865,600,000.00  bytes
KV Split (Live) DRAM live KV 362,387,865,600,000.00  bytes
KV Split (Live) Rack SSD live KV 0.00|bytes
KV Reuse Cache Retention window 24/hours
KV Reuse Cache Reuse fraction of processed tokens 50.00%|50%
KV Reuse Cache Stored in tier DRAM+Rack SSD|40% DRAM / 60% Rack SSD
KV Reuse Cache Tokens in retention window 58,300,000,000,000|tokens (peak-day x retention/24h)
KV Reuse Cache Retained KV bytes 11,462,246,400,000,000,000 | bytes (tokens x reuse% x KV bytes/token)
Topology Sequences per replica 2,500 per 8-GPU replica
Topology GPUs per replica 8
Topology Replicas 200,000/given
Topology GPUs 1,600,000|total GPUs
Topology Nodes 200,000/8 GPUs/node (given)
HBM GPU overhead (workspace+runtime+side models) 12.0/GiB per GPU (given as included)
HBM Pinned active MoE weights 119,5|C1B Per GPU (derived from active MoE
weights)
DRAM Host buffers/state per sequence 163,840.00|bytes per seq (~160 KiB default)
Rack SSD Local Rack SSD caches/logs 200|TB (decimal) per node
DRAM Host buffers/state total 294,912,000,000.00 | bytes (per seq x active sequences)
HBM GPU overhead total 20,615,843,020,800,000.0 | bytes (GiB/GPU x GPUs)
HBM Pinned MoE weights total 205,312,500,000,000,000.0| bytes (GiB/GPU x GPUs)
Rack SSD Local Rack SSD caches/logs total 40,000,000,000,000,000,000 | bytes (TB/node x nodes)

Source: Morgan Stanley Research estimates
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relevant MSCI country index or MSCI sub-regional index or MSCI AC Asia Pacific ex Japan Index.

Stock Price, Price Target and Rating History (See Rating Definitions)
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Samsung Electronics (005930.KS) - As of 01/15/26 GMT in KRW
Industry : S. Korea Technology
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Stock Rating Historu: 1-1-21 @ 0M; 71921 @ O/12 8712721 3 0C; 10422 ¢ O 7721724 @ O/17 971524 ¢ 0C; 613725 & 041
921725 1 0O

Price Target Historu: 11,2720 1 830007 1-12-21 @ 1100007 225,21 : 1150007 S-/15-21 @ 930007 6321 @ 950007 31221 @ 39000
915721 1 950007 127321 @ 970007 3,18,22 1 950007 425,22 @ 850007 610,22 ¢ S00007 75,22 : 750007 722,22 @ 700007
/17722 3 630002 321,23 ¢ T00007 S/30.23 1 900007 77,23 & 950007 3,22/24 1 970007 416,24 : 1010007 66,24 & 1050007
915724 1 760007 121524 @ 650007 319,25 & 700007 8,125 @ 860007 9,21,25 1 970007 10,525 1 1110007 10,2325 1 1200007
103025 ¢ 1390007 11,525 : 1440007 1/53-26 @ 170000

Source: Morgan Stanley Research Date Format : MM-/DD/YY Price Target =- No Price Target Aszzigned (NR)
Stock Price (Not Couvered by Current Analust) Stock Price (Covered by Current Analyst ) ==
Stock and Industry Ratings (abbreviations below) appear as ¢ Stock Rating/ Industry View
Stock Ratings: Querweight (0) Equal-ueight (E? Underwsight (U) Not-Rated (NR? No Rating Auvailable (NA?
Industry View: Attractive (AY In-line (I) Cautious (C) No Rating (NR?
Effective January 13, 2014, the stocks covered by Horgan Stanley Azia Pacific will be rated relative to the analyst’s industry
Cor industry team’s) couverase.
Effective January 13, 2014, the industry view benchmarks for Horgan Stanley Asia Pacific are as follows: relevant HECI country
index or HSCI sub-regional index or MSCI AC Asia Pacific ex Japan Index.
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SK hynix (000660.KS) - As of 01/15/26 GMT in KRW
Industry : S. Korea Technology
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Stock Rating Historw: 1121 @ 0A; 7-19-21 @ 0/17 871221 ¢ UACy 1273721 2 EAC; 271122 2 00 7722722 3 EACy 10422 3 OR;
7721724 2 0/1; 9715724 2 UAC; 3,1925 3 EAC) 6713725 3 E/I; 9721725 ¢ O

Price Target History:l 12,220 @ 1600007 1-12-21 1 1700007 225,21 : 1740007 S/15-21 @ 1460007 6,8,21 : 1560007 31221 @ 50000

39,1521 & 830007 12321 ¢ 1100007 122321 @ 1250007 12422 @ 1300007 128,22 : 1360007 21122 & 1550007 3-18,22 @ 150000

427722 ¢ 1300007 610,22 3 1200007 75,22 @ 1100007 722,22 : 1050007 10422 & 1300007 127,22 @ 1200007 321,23 & 1100007

S/30.23 1 1400007 77723 ¢ 1700007 92123 1 2100007 322,24 1 2300007 41624 & 2700007 66,24 : 3000007 7-25-24 & 2600007

971524 ¢ 1200007 102424 @ 1300007 12-153-24 @ 1350007 1,20-25 1 1500007 3-19-25 & 2300007 47,25 1 2100007 61325 & 2500007

772425 1 2600007 921,25 1 4100007 108325 @ 4800007 102325 @ 5700007 102925 @ 6300007 11.5-25 & 7300007 12726 @ 340000
Source: Morgan Stanley Research Date Format : MM-/DD/YY Price Target =- No Price Target Assiagned (NA?
Stock Price (Not Covered by Current Analuyst) Stock Price (Covered by Current Analyst ) ==

Stock and Industry Ratings (abbreviations below) appear as ¢ Stock Rating/ Industry View

Stock Ratinas: Queruweight (0) Equal-ueight (E) Underuweight (U2 Not-Rated (NR? No Rating Auvailable (NA?

Industry View: Attractive (A?  In-line (I? Cautious (C? No Ratina (NR?
Effective January 13, 2014, the stocks covered by Moraan Stanley Aszia Pacific will be rated relative to the analust’zs industry
Cor industry team’s) couverage.

Effective January 13- 2014, the industry view benchmarks for Horgan Stanley Asia Pacific are as follows: relevant HECI country
index or HSCI sub-regional index or MSCI AC Asia Pacific ex Japan Index.

IDEA
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Wonik IPS Co Ltd (240510.KQ0) - As of 01/15/26 GMT in KRW
Industry : S. Korea Technology
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Stock Rating Historu: 1-1-21 @ 0M; 71921 @ O/12 /12721 3 007 10422 ¢ OR; 7721724 @ O/17 971524 ¢ 0C; 43725 1 EC;
671325 1 E/L; 87825 1 O/17 92125 ¢ O

Price Target Historu: 11,2720 1 430007 127,21 1 650007 10.26,21 : SS0007 3,18,22 1 S00007 89,22 1 430007 1,12,23 1 350007
2721724 3 340007 32824 @ 430007 4325 : 250007 38,25 1 480007 10,2125 1 72000

Source: Moraan Stanley Research Date Format : MM DD/YY Price Target =« No Price Target Assigned (NA?
Stock Price (Not Covered by Current Analyst) Stock Price (Covered by Current Analyst ) ==
Stock and Industry Ratings (abbreviations below) appear az ¢ Stock Rating/Industry View
Stock Ratinas: Querueight (0) Equal-ueight (E? Underweight (U) Not-Rated (NR? No Rating Auvailable (NA?
Industry View: Attractive (A?  In-line (I? Cautious (C) No Rating (NR?
Effective January 13, 2014, the stocks covered by Morgan Stanley Azia Pacific will be rated relative to the analuyst’s industry
Cor industry team’s) couverage.
Effective January 13, 2014, the industry view benchmarks for Horgan Stanley Azia Pacific are as follows: relevant HECI country
index or HSCI sub-regional index or MSCI AC Aszia Pacific ex Japan Index.
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Market Authority in the Kingdom of Saudi Arabia, and is directed at Sophisticated investors only.
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INDUSTRY COVERAGE: Technology - European Semiconductors

COMPANY (TICKER) RATING (AS OF) PRICE* (01/15/2026)
Lee Simpson
ASML Holding NV (ASML.AS) 0 (09/22/2025) €1,149.40
Infineon Technologies AG (IFXGn.DE) 0 (02/06/2025) €41.61
STMicroelectronics NV (STMPA.PA) E (02/13/2025) €24.38
Nigel van Putten
Aixtron SE (AIXGn.DE) E (05/25/2023) €20.02
ASM International NV (ASMI.AS) 0 (06/19/2024) €678.80
BE Semiconductor Industries NV (BESI.AS) 0(11/07/2022) €173.65
Melexis N.V. (MLXS.BR) 0 (06/24/2025) €66.45
Nordic Semiconductor ASA (NOD.OL) E (02/10/2025) NKr 138.60
Soitec SA (SOIT.PA) E (05/27/2024) €29.13
VAT Group AG (VACN.S) E (03/21/2025) SFr 503.40

Stock Ratings are subject to change. Please see latest research for each company.
* Historical prices are not split adjusted.
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