The Physics of Scarcity

Why a 1970s memory architecture triggered

A EronleRe yn s the 2025 Al hardware crunch.
of DRAM Physical
Engineering.
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The Late 2025 Market Anomaly

The bottleneck for next-generation hardware isn't the processor. It is memory. To

understand the price spike, we must go down one level to the sub-microscopic root cause.
& NotebooklLM



The 1T1C Architecture

SRAM (CPU Cache) DRAM
6 Transistors per bit 1T1C (1 Transistor, 1 Capacitor)
Fast but physically massive. Insultingly simple. Dense. Cheap.

DRAM dominates modern computing because it achieves 32GB density per stick by storing each bit in a
single, tiny capacitor. Charged = 1. Empty = 0. But this density comes with a fatal, physical flaw.
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Data Stored in a Leaky Bucket

Charge Volume:
< 0.7 femtofarads
(fF) per cell.

Decay Rate: Bleeds to zero
in tens of milliseconds.

DRAM capacitors naturally leak. Leave a cell alone for a fraction of a second, and a stored 1 quietly

decays into a @. The memory physically forgets. Cut the power, and data vanishes in under a second.
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The Refresh Tax

The D in DRAM stands for Dynamic.

The chip must physically read and
rewrite billions of cells
constantly before the charge drains.

This brute-force regeneration
consumes over 10% of a modern
memory module’s total power budget,
even when 1idle.
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The Alphabet Soup (Same Cell, Different Conversation)

None of these are new inventions. Each generation is simply a bandwidth-doubling
exercise wrapped around an identical 1T1C capacitor.

DDR4 DDR5 LPDDR GDDR
: The Legacy The Bandwidth The Power The Throughput
Subtitle/Role Ciand e Engine Saver Beast
4,800 to Up to 14.4 Gbps 48 Gbps
Speed 3,200 MI/5 111 79,600 MT/s (LPDDR6) (GDDR7)
Voltage/ 1.2V 1.1V (Dual 32-bit| Ultra-low V |PAM-3 signaling
Signaling sub-channels)
The Boring, Built for Maximizes ei?r?ﬁiguzed
Optimization ubiquitous parallel bandwidth per E; T
: .g., RTX 5090
Strategy baseline. throughput. watt. @ 1,792 GB/s).
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The Throughput Illusion

Sesats MR e Raw Latency
\ (Time to fetch one byte)

No faster in DDR5 than
well-tuned DDRA4.
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DDR5 is not faster in single-access latency. It buys throughput.
For AI workloads streaming massive datasets, parallel throughput is everything.
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The AI Power Inversion

POCKET CONSTRAINT: DATA CENTER CONSTRAINT:
Milliamp-hours Kilowatts
(Battery Life) (Facility Power & Cooling Ceiling)
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LPDDR is creeping out of phones and into AI servers (like Nvidia Grace CPUs).
The design constraint of a phone and a mega-data center are the same—just scaled
up by six orders of magnitude. Saved memory watts equal more compute watts.
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Stuck in the 10-Nanometer Trench

Logic chips DRAM has been Micron’s early 2025
march down stuck in the 1y node buys ~30%
uninterrupted 10nm class density and ~20%

to 3nm and 2nm. since 2018. lower power, but the

steps are shrinking.

Jonm/ class/ ) lx

Moore’s Law relies on shrinking the footpfint.
But DRAM cannot simply shrink, because the
capacitor refuses to be minimized.
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The Aspect Ratio Crisis
G TR

To hold a readable

=T
=il charge, a capacitor
Qs needs surface area.
il As cell footprints
] i shrink, the only
50)° 1 way to retain
Ml 0 surface area is to
Aspect build up into
il B ﬁ impossibly tall,
L adtlo narrow cylinders.
AL _-.Ti: ]
Egéﬁ ;;2 Modern DRAM requires
BINN etching billions of
microscopic drinking
=D straws into silicon.
(Sussie I, AMEN. 4
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The Physics of Dead Bits
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Perfect Yield Yield Failure Yield Failure
(Straight & clean) (Tapering / Cannot hold charge) (Bowing / Short-circuit)

The scaling wall doesn’t announce itself as a hard stop. It shows up as yield failure. When
billions of 50:1 trenches are etched, a few will inevitably bow, taper, or collapse. Pushing
geometry further yields fewer good bits per wafer, rendering smaller nodes economically pointless.
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Delaying the Inevitable N—s
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4F? Cell Layout

SK Hynix Vertical Gate (2025).
Cuts area by 1/3. Buys
approximately 3 more nodes.

The escape hatches to bypass the aspect ratio limit. S \\\%

3D DRAM

Mass production: 2030s. Requires
stacking capacitors vertically,

not just wiring. A completely new
manufacturing playbook.
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EU.V lithography bijy.s marginal time, but cannot repeal geometry.
Until true 3D DRAM arrives in the next decade, elastic supply is dead.
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- The Supply Shock Script Breaks

EVENT 1 (June 2025): Micron & Big
Three announce DDR4 end-of-life.
Because they couldn’t
just shrink the node to
G make more bits,
SN RS ee S997 memory makers
EVENT 2 (May 2025): e RO strictly reallocated
CXMT (China) pivots output off DDRA4. B .. fixed fab space to
Spot prices jump 56% to $2.73. SELET & €% highifargin &kohins.
CEEEER This starved the
legacy market of DDR4
right as global supply
contracted.
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1111 The installed world panicked. Data centers, networking, and industrial hardware initiateda |
L\ | last-time-buy hoarding frenzy. A decade-old, obsolete technology became priced at a premi- |
ENNS um over the new standard. Fabs walked back retirements to harvest the panic.
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Geometry \ Yield Reallocation \

Capacitors hit 50:1 '\ W\ Smaller nodes fail A\ Fabs abandon

mechanical limits & economically; bits legacy DDR4

and cannot be 7/~ per wafer plateau ‘~ entirely to chase

shrunk further. #' and capacity is _ high-margin Al
capped.

Scarcity wasn't an arbitrary corporate choice. It was dictated by sub-microscopic
geometry. The memory crunch happened because the physical cell hit a
mechanical wall at the exact moment Al demand went vertical.




tation of the leaky bucket
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imply thinned, stacked DRAM. Every |
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DRAM is the raw material for the Al economy. High Bandwidth Memory (HBM)—which drives

'\\_ trill

the refresh tax, and the unshrinkable capacitor is inherited by the chips powering the future.




