


Microsoft and OpenAl Plot 100 Billion Dollar Al Supercomputer

Launching as soon as 2028 and expanding through 2030, it will use as much as 5GW

* Supplied by 5 nuclear
power plants

* To run millions of GPUs

OpenAI CEO Sam Altman, left, and Microsoft CEO Satya Nadella. Photos via Getty. Art: Shane Burke



Energy-use scales quadratically with number of units

When a fixed fraction of signals travel a distance that scales linearly
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Glucose use (pmol/min)

A brain’s energy-use scales linearly with its neurons

| From a 70M-neuron mouse brain to a 86B-neuron human brain
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A human brain would as much electricity as the US

if energy-use scaled quadratically
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Memory cells are now 3,600 times more dense than cortical synapses

Stacked 10-fold more arrays in a decade: from 24 in 2013 to 232 in 2023

Transistor | Synapse
Unit volume (um3)| 1.33x10-3 4.8
Number of layers 232 765
Density (G/mm?2) 4.9 0.27

1.3 mm




Matching brains’ linear energy-scaling

With a network of VN layers of VN neurons that emit D signals per inference

5 signals per layer
e Stack VN memory arrays: P
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Conceptions of the learning brain

What coding scales communication linearly?
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Silicon brain (3D)



Learning permutes a pattern into a sequence

Axons arrange their synapses along a dendrite to deliver ordered input

Spike Pattern Permutation Synaptic Sequence
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Sequence selective responsesin a stretch of dendrite

Ligand and voltage-gated ion-channels discriminate an out-of-sequence spike
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Basic concepts of Si-based n-FeFET

Polarity of charge dipoles in ferroelectric insulator control conductivity of semiconductor

* Conductive state (low Vr): Polarization vector points toward channel

* Nonconductive state (high Vr): Polarization vector points away from channel

P-Si P-Si

Toprasertpong, K., Takenaka, M. & Takagi, S. On the strong coupling of polarization and charge trapping in HfO2/Si-based ferroelectric field-effect transistors: overview of device operation and reliability. Appl. Phys. A
128, 1114 (2022). https://doi.org/10.1007/s00339-022-06212-6



A string of FeFETSs emulates a stretch of dendrite

Consecutively applied voltage pulses flip all charge dipoles in ferroelectric layer
Correct sequence: Gate1 - Gate2 > Gate3
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FeFET string discriminates pulse patterns

GlobalFoundries fabricated our design in a production-ready 28-nm process
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Retrieval Augmented Generation (RAG)

Lightweight language models (LMs) rely heavily on retrieval of facts from memory
2

How many storeys are LM
. . What castle did David Gregory
In the castle David inherit?
Gregory inherited?
Retriever
l David Gregory... inherited the
Kinnairdy Castle in 1664.
Retriever
St. Gregory Hotel is a 9-floor
boutique hotel... LM
How many storeys are in
l Kinnairdy Castle?

- ‘
LM :
Retriever

l Kinnairdy Castle is tower house
with five storeys...

St. Gregory Hotel has nine storeys. x

1
Khattab et al. ‘24

Kinnairdy Castle has five storeys.
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Moving away from synaptocentric
to dendrocentric learning would enable Al
to run not with megawatts in the cloud but
rather with watts on a phone.
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