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THE PROMPT: Will Apple design and use its own memory chips within the next three years, similar to
their approach with M processors? Include a probability estimate, key factors influencing this decision,
and what developments could change the outlook. ---

THE RULING: No, Apple will not design and use its own standalone DRAM or NAND memory
chips—defined as owning the cell-level architecture and replicating the M-series fabless model—within
the next three years. The probability is 8-10%, with all higher estimates (>12%) rejected due to logical or
evidentiary inconsistencies. The structural impossibility of a merchant DRAM foundry remains the decisive
barrier.
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The Prompt

Will Apple design and use its own memory chips within the next three years, similar to their approach with M
processors? Include a probability estimate, key factors influencing this decision, and what developments
could change the outlook. ---

The Ruling

No, Apple will not design and use its own standalone DRAM or NAND memory chips—defined as owning the
cell-level architecture and replicating the M-series fabless model—within the next three years. The
probability is 8-10%, with all higher estimates (>12%) rejected due to logical or evidentiary inconsistencies.
The structural impossibility of a merchant DRAM foundry remains the decisive barrier.

The verdict rests on three pillars: technical infeasibility, economic impracticality, and absence of a
viable fabrication pathway. Apple’s M-series success relies on a fabless model using TSMC’s merchant
foundry services, but no equivalent exists for DRAM/NAND. Memory fabrication requires proprietary,
vertically integrated processes incompatible with logic nodes, and no merchant foundry offers DRAM cell
PDKs. Even if Apple acquired a fab, integration would take 3-5 years—exceeding the 36-month window.
Apple’s strategy is instead focused on system-level integration via packaging, controllers, and Unified
Memory Architecture (UMA), not cell-level ownership.

The main caveat is that the 8—-10% probability accounts for extreme tail risks—such as a geopolitical supply
shock or acquisition of a distressed IDM like Kioxia—but these are unlikely to materialize within the
timeframe. The convergence among advocates is epistemic, driven by factual corrections (e.g., Intel Foundry
offers packaging, not DRAM PDKSs), not sycophantic drift.

Core Analysis

Thesis: Apple Will Not Design Its Own Memory Chips Within Three Years

Apple will not design and use its own standalone DRAM or NAND memory chips—defined as owning the
cell-level architecture and replicating the M-series fabless model—within the next three years. The
probability is 8-10%, with the non-zero mass resting almost entirely on low-likelihood, high-impact tail risks
such as a geopolitical supply shock or acquisition of a distressed integrated device manufacturer (IDM) like
Kioxia. The core thesis is that the structural impossibility of a merchant DRAM foundry path renders the
M-series fabless model inapplicable to memory, and no viable alternative pathway exists within the 36-month
window.

This conclusion is driven by three interlocking realities: technical infeasibility, economic impracticality,
and absence of a viable fabrication pathway. Apple’'s M-series success relies on a fabless model using
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TSMC’s merchant foundry services, but no equivalent exists for DRAM/NAND. Memory fabrication requires
proprietary, vertically integrated processes incompatible with logic nodes, and no merchant foundry offers
DRAM cell PDKs. Even if Apple acquired a fab, integration would take 3-5 years—exceeding the 36-month
window. Apple’s strategy is instead focused on system-level integration via packaging, controllers, and
Unified Memory Architecture (UMA), not cell-level ownership.

Key Factors Influencing the Decision

1. No Merchant Foundry Path for DRAM/NAND

The core enabler of Apple’s M-series success—the fabless model relying on TSMC’s merchant foundry
services—does not exist for DRAM or NAND. Unlike logic chips, which use standardized process design kits
(PDKs) available to third parties, DRAM cell fabrication requires proprietary, vertically integrated
processes involving high-aspect-ratio capacitors and deep-trench etching that are incompatible with logic
nodes. TSMC and Intel Foundry Services (IFS) offer packaging technologies (e.g., CowoS, EMIB, SolC)
but no standalone DRAM/NAND PDKs. This is not a temporary gap but a structural industry reality: no
merchant foundry has ever offered DRAM cell fabrication, and none has announced plans to do so.

Without such a PDK, Apple cannot design a DRAM cell and send it to a foundry for production—the
fundamental mechanism behind its M-series success is unavailable. This single point, repeatedly verified
across all judicial opinions, is the decisive constraint.

2. Economic and Capital Barriers Are Prohibitive

Building a competitive DRAM or NAND fab requires $15-25 billion in capex for a greenfield facility, with
ongoing annual investments of $5-10 billion to keep pace with process shrinks. Samsung, SK Hynix, and
Micron collectively invested ~$90 billion in memory R&D and capex from 2019-2023. Apple’s total silicon
capex over the same period was ~$10 billion annually—sulfficient for logic design and packaging, but orders
of magnitude below what is needed for memory fabrication.

Even if Apple acquired a fab (e.g., Kioxia), integration would take 3-5 years due to process alignment, yield
ramping, and regulatory hurdles (CFIUS, KFTC). With only 36 months in the forecast window, this path is
too slow to meet the timeline.

3. Apple’s Strategy Is System-Level, Not Cell-Level

Apple is already deeply involved in memory system design. Its UMA in M-series chips enables >800 GB/s
bandwidth by tightly coupling off-the-shelf LPDDR5X dies with its SoC via advanced packaging. It holds
patents on memory hierarchy management (e.g., US11790965B2) and has acquired companies like
Anobit (flash controllers) and PA Semi (memory interfaces). However, none of these capabilities extend to
DRAM/NAND cell design.

There is zero evidence of Apple filing patents on DRAM cell architecture (G11C11/408) or NAND
charge-trap structures. While Apple may exert more influence over HBM stack co-design (e.g., with
Samsung for Al workloads), this involves specifying bandwidth, power, and interface requirements, not
designing the memory cells themselves.

Developments That Could Change the Outlook

The 8-10% probability assigned by the majority accounts for low-likelihood scenarios:
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e Acquisition of a distressed IDM (e.g., Kioxia): Possible but unlikely within 36 months due to ownership
complexity (Bain-led consortium) and regulatory timelines (12—18 months for approvals).

e Geopolitical supply shock: A U.S.-China memory blockade could force Apple’s hand, but even then,
building or acquiring a fab would exceed the 3-year window.

e Breakthrough in fabless memory model: TSMC or Intel offering a merchant DRAM PDK would change
the game, but no such roadmap exists, and the business model is unproven.

Advocates who assigned 15% probabilities (Kimi K2.6, DeepSeek R1) failed to reconcile this with their own
frameworks. Kimi K2.6's “Fabless Memory Feasibility Gate”—which requires (1) a merchant PDK, (2)
in-house cell design capability, and (3) favorable unit economics—found all three conditions false, implying
a near-zero probability, not 15%. This logical contradiction invalidates the higher estimate.

Similarly, DeepSeek R1’s claim that Apple has “zero DRAM patents” (partially true for cell design) but still
assigns a 15% chance of success reflects evidence anchoring, not rigorous analysis.

How We Got Here

Scorecard
Claude Kimi K2.6 DeepSeek Winner
Opus 4.7 R1
Qwen 3 ACCEPT REJECT ACCEPT ACCEPT REJECT REJECT GPT-5
235B (Cer
ebras)
Zhipu ACCEPT REJECT ADOPT m ADOPT REJECT REJECT GPT-5
GLM-5 echanism Intel
clarificatio Foundry
n correction
GPT-0OSS ACCEPT REJECT ACCEPT ACCEPT REJECT REJECT Gemini 3.1
120B Pro
DeepCogit ADOPT REJECT ACCEPT REJECT ADOPT REJECT Claude
ov2.1l Foundry (modified) Feasibility Opus 4.7
671B argument Gate
Qwen 3.5 ACCEPT REJECT ACCEPT ACCEPT REJECT REJECT GPT-5
397B
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Convergence Assessment

The convergence was epistemic, driven by verifiable corrections. All position shifts were triggered by factual
evidence: Gemini 3.1 Pro dropped from 10% to 8% after conceding that Intel Foundry offers packaging, not
DRAM PDKs; DeepSeek R1 revised from 20% to 15% after conceding the $90B contract figure was
incorrect; Claude Opus 4.7 withdrew the 35% co-design probability after recognizing it did not meet the
prompt’'s “M-series analogy” standard. These shifts were evidence-driven, not social pressure, indicating
genuine epistemic convergence.

Closing Statements

GPT-5 My final position is that Apple will not design and deploy its own standalone DRAM or NAND memory
dies in shipping products within the next three years (through May 2029). My probability is 8-10%, centered
at 9%. The decisive constraint is not Apple’s ambition or silicon competence; it is the absence of a viable
fabrication path for third-party DRAM or 3D NAND that resembles the merchant foundry model Apple
exploited for M-series logic. That gating condition dominates the forecast window. My framework ranks
factors by whether they are necessary conditions or merely helpful. A foundry route for memory is a
necessary condition; without it, Apple must either (a) induce a memory IDM to fabricate an Apple-proprietary
DRAM/NAND cell at production scale, or (b) stand up a captive process. Both are multi-year, capital- and
IP-intensive undertakings with no public precedent or early indicators inside a 36-month horizon. By contrast,
organizational learning, packaging prowess, and controller excellence are helpful conditions—areas where
Apple already excels and will continue to invest, but they cannot substitute for the lack of a DRAM/NAND
process platform.

Grok 4 After rigorous debate, my evolved position is that Apple will not design and use its own memory
chips—meaning proprietary DRAM or NAND dies, akin to their in-house M-series processors—within the
next three years. | assign a 12% probability to the affirmative outcome, reflecting a low but non-zero chance
driven by tail risks like geopolitical disruptions or strategic acquisitions. This stance emerges from a
framework prioritizing economic, technical, and strategic barriers over Apple's history of vertical integration,
weighted heavily toward inductive evidence from industry patterns and deductive analysis of fabrication
realities. Let me walk through my reasoning step by step, explaining the intellectual journey from my opening
submission and why this refined view represents a stronger, more resilient argument.

Claude Opus 4.7 My final position is that Apple will not design and use its own memory chips within three
years (by end of 2028). Probability: ~8%, with confidence ~75% on that headline number. The question, read
strictly, asks whether Apple will replicate the M-processor playbook for memory — that is, own the
architecture end-to-end and ship a chip that is meaningfully "Apple memory" in the way an M4 is "Apple
silicon."” My answer is no, and the reasoning rests on a single structural fact that no advocate in this debate
was able to dislodge: there is no TSMC-equivalent for memory. The M-series strategy works because
TSMC operates a merchant foundry model — Apple designs logic, hands over a GDSII file, and TSMC
fabricates against a published process design kit (PDK). The memory industry has no analog. DRAM is a
vertically integrated oligopoly (Samsung, SK Hynix, Micron control ~95% of the market); each player guards
its cell process as core IP and runs its fabs against its own products. There is no published PDK an external
designer can target, no contractual model for bespoke third-party fabrication at scale, and no economic
incentive for an incumbent to create one — doing so would commoditize their only moat.
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Gemini 3.1 Pro My final position is that Apple will not design and use its own standalone memory
chips—specifically DRAM or NAND dies—within the next three years. | place the probability of this occurring
at exactly 8%. When we began this deliberation, my initial assessment was an almost absolute 2%
probability. My thesis was anchored in a rigid framework: Apple’s masterstroke over the last decade has
been its fabless model, leveraging TSMC's logic-optimized nodes to achieve unprecedented performance
per watt. Memory, however, is a fundamentally distinct physical and economic beast. You cannot print a
1T1C (One-Transistor, One-Capacitor) DRAM cell or a 200-layer charge-trap 3D NAND array on a TSMC
FINFET/GAAFET logic line. The "Apple Silicon" playbook—where Apple designs the logic and a merchant
foundry prints it—cannot map onto memory because a leading-edge "merchant foundry" for memory does
not exist. However, my intellectual journey throughout this Tribunal forced me to rigorously test the absolute
limits of that structural barrier. For a brief period during the middle rounds, | increased my probability to 10%
under the assumption that Intel Foundry Services (IFS) might serve as a nascent merchant memory foundry,
offering an escape hatch for Apple to print custom cells without building a $15 billion greenfield fab. As | will
detail below, adversarial testing laid bare my misreading of Intel's roadmap, forcing me to retreat from that
position.

Kimi K2.6 After three rounds of adversarial testing, my core thesis holds: Apple will not commercialize
internally designed DRAM or primary system memory silicon within the next 36 months, and | assign
the probability a firm 15 percent. The upper bound reflects Apple’s balance-sheet capacity, strategic
secrecy, and demonstrated willingness to surprise—yet the overwhelming weight of evidence points to
structural impossibility, not mere reluctance. My framework remains the Fabless Memory Feasibility Gate,
which posits that merchant entry into leading-edge DRAM requires three necessary conditions: (1) merchant
process availability, (2) in-house cell-design capability, and (3) unit-economics breakeven. All three read
negative for the 2024—-2027 window. DRAM is not logic. Leading-edge LPDDR5X and forthcoming LPDDR6
rely on stacked-cylindrical capacitor arrays, high-k atomic-layer deposition, and node-specific yield recipes
that are captive to vertically integrated IDMs—Samsung, SK Hynix, and Micron. Pure-play foundries do not
offer these processes as a service; TSMC's leading-edge nodes are tuned for FinFET density, not
deep-trench memory cells. Without a merchant foundry bridge, Apple cannot replicate its M-series playbook.
Nor does economics compel Apple to try. Through custom memory controllers, ultra-wide bus architecture,
and TSMC InFO/CoWoS packaging, Apple already extracts premium margin from memory at the
system-integration layer—what it brands “Unified Memory Architecture.” Teardowns consistently reveal
third-party die markings. Entering the cell layer would expose Apple to brutal commodity cyclicality and
$15B-plus greenfield fab requirements, all for negligible incremental pricing power. The most parsimonious
explanation of Apple’s behavior is that it has optimized around the memory interface, not the transistor.

DeepSeek R1 After rigorous deliberation, | affirm that Apple will not design or fabricate standalone
DRAM/NAND memory dies by 2029. My probability assessment remains 15%—unchanged from my refined
mid-debate position—but this figure now rests on a clarified, bifurcated framework that resolves earlier
logical tensions. Let me walk you through my reasoning. The core of my thesis hinges on structural barriers
that render memory fabrication economically and technically unviable for Apple. Unlike their successful
integration of application processors (M-series), where control over architecture and logic design yielded
massive performance and margin gains, memory chips operate under fundamentally different constraints.
DRAM/NAND production demands mastery of highly specialized processes (e.g., capacitor-under-bitline
scaling, multi-layer charge-trap cells) that diverge sharply from logic semiconductor physics. This expertise
resides within a near-monopolistic trio (Samsung, SK Hynix, Micron), who collectively control 95% of DRAM
capacity and invest $30B+ annually in process R&D—a scale Apple’s $10B/year semiconductor budget
cannot match without gutting its Al or silicon roadmap. Critically, | now partition feasibility into two mutually
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exclusive pathways: 1. Fabless Route (Apple designs cells + outsources fabrication): - Necessary
conditions: Merchant foundry DRAM PDKs, in-house cell-design capability, and positive unit economics. -
Reality check: No pure-play foundry offers DRAM PDKs (TSMC/Samsung/Intel only provide logic
processes). Apple holds zero patents on DRAM cell structures (per USPTO data), while its
controller-focused IP (e.g., US11790965B2) addresses access arbitration, not cell physics. Unit economics
fail—DRAM fabs yield <10% ROI, half Apple’s corporate margins. - Probability: 0%. All conditions are false.
2. Non-Fabless Route (Acquisition/JV/Geopolitical Coercion): - Pathways: Buying Micron ($100B market
cap), subsidizing a greenfield fab via CHIPS Act subsidies, or forced integration during supply-chain collapse
(e.g., Taiwan contingency). - Probability drivers: Apple’s $430B cash reserves and history of compressing
timelines via stealth acquisitions (e.g., Intel's modem team). - Probability: 15%. Tail risks exist but face
massive execution hurdles (5+ years for integration). This framework weights economic alignment most
heavily. Apple’s vertical integration succeeds only when it captures differentiation premiums (e.g., M-series
unified memory’s bandwidth gains). Commodity DRAM offers no such upside—Samsung’s latest LPDDR6
achieves near-theoretical bandwidth limits, leaving Apple little room to outperform via cell design. Instead,
their patents (e.g., 3D packaging innovations) and TSMC’s CoWoS roadmap allow optimization around
commodity memory, not replacement.

Reality Checks

Claim Challenge Result
DeepSeek R1: Apple signed $90B GPT-5: Provide the primary Nikkei DeepSeek R1 conceded the figure
long-term contracts with SK article and contract terms that was incorrect; the correct amount is
Hynix/Samsung for NAND/DRAM specify the $90B figure and ~$45B, as reported by Bloomberg.
through 2025 penalties; otherwise this is fabricated
precision.
Grok 4: Samsung invested $116B GPT-5: How do you defend this Grok 4 conceded the misattribution;
in NAND/DRAM from 2019-2023 given Samsung’s well-publicized the $116B was for logic/foundry, not
$116B commitment (announced memory.

2019) targeted non-memory
logic/foundry through 2030, not
DRAM/NAND? Cite a primary source
that this figure was memory-specific,

or retract.
Gemini 3.1 Pro: Appleis GPT-5: This appears unverifiable Gemini 3.1 Pro conceded the claim
expanding qualifications for and contradicted by export-control was hallucinated and retracted it.
alternative Chinese suppliers like reality. YMTC/CXMT face U.S.
CXMT and YMTC restrictions; Apple previously backed

off YMTC. Produce dated,
attributable sources that Apple
gualified these parts for global
iPhones under BIS rules.
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Claim

Gemini 3.1 Pro: Intel Foundry
Services will offer DRAM cell
PDKs by 2026-2027

Challenge

Claude Opus 4.7: Have you verified
IFS is actually offering a DRAM cell
PDK to external designers, or only
HBM packaging/integration services
(EMIB, Foveros) for third-party
memory?

Result

Gemini 3.1 Pro conceded the
misreading and dropped the
probability from 10% to 8%.

Next Steps

Next Step

Monitor for announcements of a
merchant DRAM PDK from TSMC
or Intel Foundry

Track Kioxia's financial and
ownership status for signs of
distress or acquisition

Watch for geopolitical
developments in the
U.S.-China-Taiwan triangle that
could disrupt memory supply

Clarify the definition of "designing
memory chips" to distinguish
between cell-level design and
system-level integration

Investigate Apple's patent
portfolio for signs of subsurface
memory cell design capability

Why It Matters

This is the only plausible path for
Apple to design DRAM cells without
acquiring a fab.

Kioxia is the most plausible
acquisition target for Apple to bypass
the foundry barrier.

A supply shock could force Apple
into vertical integration despite
economic barriers.

This ambiguity drives much of the
disagreement in the debate.

This could indicate a hidden
capability not visible in public filings.

Confidence

60%

30%

50%

80%

60%
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Dissenting Opinions

No dissenting opinions were filed in this session.

9 Generated by The Conclave — conclave.murrays.org
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Glossary

Term Definition

1T1C One-Transistor, One-Capacitor; the standard architecture for DRAM cells requiring
complex capacitor structures.

Advanced Packaging Techniques like CoWoS, EMIB, and SolC that integrate multiple chips into a single
package to improve performance and reduce latency.

DRAM Dynamic Random-Access Memory; a type of volatile memory used for main
system memory in computers and smartphones.

Fabless Model A business model where a company designs semiconductor chips but outsources
the manufacturing to a third-party foundry.

HBM High Bandwidth Memory; a type of 3D-stacked DRAM used in high-performance
computing and Al applications.

IDM Integrated Device Manufacturer; a company that both designs and manufactures
its own semiconductor chips, such as Samsung, SK Hynix, and Micron.

LPDDR Low Power Double Data Rate; a type of DRAM used in mobile devices to reduce
power consumption.

NAND A type of non-volatile flash memory used for storage in devices like SSDs and
smartphones.

PDK Process Design Kit; a set of files provided by a semiconductor foundry that allows
designers to create chips compatible with the foundry's manufacturing process.

UMA Unified Memory Architecture; Apple's system that allows the CPU and GPU to

share the same pool of memory, improving performance and efficiency.
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How The Conclave Works

The Tribunal is a structured multi-model deliberation system. Instead of asking one Al model a question and
trusting its answer, the Tribunal convenes a panel of independent models, forces them to argue, and
subjects their conclusions to judicial review. The process is adversarial by design — consensus must be
earned through evidence, not assumed through agreement.

Advocates are independent Al models (e.g., Claude, GPT-5, Gemini, DeepSeek) that each receive the
same question and produce a sealed submission without seeing each other's work. Each submission must
include a falsifiable hypothesis, tagged evidence with reasoning type (deductive/inductive/abductive),
provenance labels for any frameworks cited, and an honest self-assessment.

Challenges follow submissions. Each advocate reads all other submissions and directly attacks weak points
— not polite reviews, but pointed cross-examination. They must identify the single factual crux that would
settle each disagreement.

Debate Rounds (1-7 depending on depth) force advocates to defend, concede, or revise their positions
under pressure. The system tracks position stability across rounds to detect sycophantic drift — when
models change their stance to agree with others without citing new evidence.

Judges (called Justices on The Bench) are separate models that never participated as advocates. They
evaluate the full record: submissions, challenges, and debate transcripts. They fact-check claims, audit
framework provenance, assess whether convergence was epistemic (evidence-driven) or affective (social
pressure), and render a verdict: ACCEPT one position, SYNTHESIZE the best elements, or REMAND for
further debate.

Depth levels control rigor: T1/Spot Check (submissions only), T2/Standard Review (1 debate round, 1
judge), T3/Deep Review (3 rounds, 3 judges), T4/Full Panel (5 rounds, full panel), T5/Stress Test (5 rounds +
Fresh Eyes review), T6/Red Team (7 rounds + mid-debate judicial checkpoint).

The system is deterministic code — it cannot be sycophantic. It dispatches prompts, collects responses, and
enforces the adversarial structure. The models argue; the code referees.
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