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Normalized Scaling

Future prospects and technological challenges
Al Driving Hyper-Exponential Demand for High-Performance Compute
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Future prospects and technological challenges
Al Driving Hyper-Exponential Demand for High-Performance Compute

—
THE EVOLUTION OF NVIDIA CHIP TDP* & COOLING REQUIREMENTS (WATT)
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1 Thermal Design Power: maximum amount of heat generated by the GPU that the cooling system is designed to dissipate under typical load conditions. It
provides an estimate of the power consumption of the GPU under normal workload
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Wafer scale integration introduction

What is it?

Instead of using single individual chips in a chiplet
based system, the entire wafer is treated as one single

system.

==
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MOME / FIOCEEUINgS / ILWDI 1 ILWSI 1971

1991 International Conference on Wafer Scale Integration

Jan. 291991 to Jan. 31 1991
San Francisco, CA, USA

Wafer scale integration introduction =

A long history back to the 80s Lj
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February 1983

The ever-increasing size and complexity of integrated circuit devices seems to

, occupying the area of a whole wafer. This concept,

ent sinc

the current state of the art, together with as-yet unresolved problems.

I\/Iultl Core SoC Integration came up
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Wafer scale integration introduction

48 Years of Microprocessor Trend Data
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Wafer scale integration introduction

MONOLITHIC SILICON CHIPLETS

Source: Intel

Ponte
Vecchio

SOC

>100 Billion Transistors
47 Active Tiles

5 Process Nodes

h

Compute Tile

s HEMTile

Xe Link Tile

Multi Tile Package

Nanll i

Monolithic # Chiplet

.
,g\

77.5x62. 5mm Pack

e NV|d|a eq

Th&ompetmve advantage of a chip company
increasingly depends on its packaging
capabilities.

Source: AMD

Bandwidth and latency between chiplets gets
limiting

Each chiplet hop adds communication energy
consumption

/O to compute performance gap
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Aug 03, 2022
Computer History Museum
Honors Cerebras Systems

Wafer scale integration introduction
Leading edge industry examples for high performance compute systems for Al

Wafer Scale Engine - The Chip That Broke Moore’s Law

Pentium

Everyone said wafer-scale computing was impossible - too big, too hot, too risky. We did it anyway.

In 2015, every Al researcher said the same thing: “The hardware’s holding us back.”

\
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Wafer scale integration — industry examples
Leading edge industry examples for high performance compute systems for Al

— MONOLITHIC SILICON CHIPLETS
| FeTT [ ] Tesla Dojo: ———
84 chips packed as a wafer-scale system ~46000 | | [ ]
mm? area | e 3 25x D1 chips packed as a wafer-
High-speed inference and Al training S L scale like system

training tile ~16000 mm?
(re-configured FO system) T

S5LnmA

Heat Out

15 KW Heat Rejection

Compute Plane

AMD, MI300

18000 Amps

Power & Control

NVIDIA, B200
~1600 mm 2 Si Source: Tesla Al day 2021

Source: Cerebras Systems
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Wafer scale integration — industry examples

Cerebras Wafer-Scale-Engine (WSE)

@erebras

i

N\

oY

> N
3 ’ : "
’ N\ 2 '
: 3 " ‘ -

Seite 11 10.11.2025

© Fraunhofer IZM

-
.

Transistors #

Cores

On-chip memory

Memory bandwidth

Fabric bandwidth

Fabrication process
(TSMC)

Year introduction

Size

WSE-3

4
Trillions

900,000

44 GB

21 PB/s

214 Pbit/s

5nm

2024

WSE-2

2.6
Trillions

850,000

40GB

20 PB/s

220 Pbit/s

/nm

2021

46,225 mm?

WSE-1

1.2
Trillions

400,000

18GB

9 PB/s

100 Pbit/s

16nm

2019

\

Comparing NVIDIA's B200
and H100: A Deep Dive
into Next-Gen Al
Performance , CIVO.com

B200 GPU

208
Billions

16,896
CUDA

HBM3E
192 GB
memory

8 TB/s

NVLink 5
1.8 TB/s
per GPU

ANP

2024
1,600 mm?2
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Wafer scale integration — industry examples

Cerebras Wafer-Scale-Engine (WSE)

@erebras

Wafer Scale Engine (WSE)

Engine block

erebras

Source: Cerebras Systems
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Wafer scale integration — industry examples
Cerebras Wafer-Scale Data Centers

» 'MONTREAL, QC
» MINNEAPOLIS, MN

FRANCE »
STOCKTON, CA

SUNNYVALE, CA
» OKLAHOMA CITY, OK

» ATLANTA, GA
» DALLAS, TX

Cerebras Data Center Dec, 2025

L
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Wafer scale integration — industry examples

SPEED matters

There are two kinds of inference:

(® Batch jobs: these are workloads where speed doesn’t
matter. If you’re running a job to generate 10 billion tokens of
synthetic data, you don’t care if it takes two days instead of
one. You just care that it’s cheap.

(® Interactive inference: these workloads are dependent on
speed. Code generation, chat, copilots, search - have humans
waiting on the other side of a screen.

If you’re waiting for an answer, five minutes is game over.

— For REASONING and AGENTIC Al workloads, milliseconds

matter.
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\ @paulg

| would use Google half as much if ChatGPT weren't so slow. Half the
time | use Google, it's because I'm waiting for an answer from ChatGPT,
and decide | might as well check Google in the meantime.

11:21 AM - May 6, 2025 - 474.3K Views

™ SamAltman@ @ @sama-May6 e
‘ we are gonna fix this!
O 365 102 Q 5.8k ihl 270K N &
Grok . Bl @grok - May 6 & BRI
Not everyone’s that slow
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Wafer scale integration — industry examples

Speed unlocks new business models for Al
This was true for the internet 25 years ago and it's just as true for Al

SPEED matters

When the internet was slow, Netflix mailed DVDs in envelopes
today it’s a movie studio.

21 of 21 providers %

& &

J\ Artificial Analysis

Output Speed: gpt-oss-120B (high)

Output Speed: Output Tokens per Second; 1,000 Input Tokens

GPU based chiplet solutions

Wafer-
S
Inference optimized chiplet solutions
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Wafer scale integration — industry examples
3D Co-packaged silicon photonics - Passage™ by Lightmatter

M1000 3D photonic interconnect platform

4000 mm? Si photonic interposer LID
» 256 optical fibers for I/O per chip
* 1.5 kW+ power delivery
Chip-on-Wafer -
Assembly A XPU
' ASICs
Fiber array

Passage silicon

Organic
substrate to
power

Source: Lightmatter 04/2025
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Wafer scale integration — industry examples
3D Co-packaged silicon photonics - Passage™ by Lightmatter

AGHTMATTER

. TOP VIEW
Cross Section
Chip-on-wafer Packaging
= Built-in solid state optical
PASSAGE TILE PASSAGE TILE circuit switching
UCle / SERDES UCle  SERDES = Cross-reticle stitching

FIBER ARRAY

Integrated transistor and
photonics control
technology to work with
custom XPUs.

=10

SIGNALS OPTICAL TX OPTICAL RX

Cooling solution depends

on tile ASIC TDP. e .
Up to 0.9W/mm? via TSVs SERDES/UCle ——= |, de o — Swich ——> Detector — SERDES/UCle
odulator Network and TIA
Laser

Source: Lightmatter
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300mm CMOS Fab

Wafer scale integration — industry examples
Wafer-scale silicon photonics interposer - Passage™ by Lightmatter

I
NOT TO SCALE

Uniform architecture
allows flexible dicing

based upon end
application

Inter-reticle optical
die to die
communication

&
Die to wafer packaging

WAFEREEEEEEEEEEHN

TLEmseeseesssnn

\

Source: Lightmatter
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Wafer scale integration - industry examples
3D Co-packaged silicon photonics - Passage™ by Lightmatter

Photonic waveguides with
~4 pm pitch. .

Source: Lightmatter

Lasers

b

Programmable
Optical
Switches

Worlds 15t wafer scale programmable photonic interconnect fabric

Enables low power (<2.3 pl/bit) and latency (<5 ns) for data
communication between custom compute ASICs

Enables very high bandwidth for communication (~114 Tbps for 2x4
passage tiles)

Leverages 3D D2W approaches and kind of wafer scale integration

Passage™ Alpha Silicon

- <50 Watts

- 32 channels per site, 1024 Tbps
- 32 Gbps per channel NRZ

- 48 x 800mm?tiles
- 288x 50 mW Lasers
- 6,144 DACs

- 6,144 MZls

-150,000 photonic components

- JTAG interface

- Integrated Lasers, transistors, photonics

- Programmable interconnect topologies

Passage

E/O
SerDes  Transceivers

\
[ ASIC

Side View
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Wafer scale integration
Hyperscaling connectivity

Memory bus
Model -
Weights

Compute

Memory

Seite 20 10.11.2025 © Fraunhofer IZM

Model

Weights

Memory

Compute

Communication happens at the chip
perimeter, but there is not enough
shore line

FLOPS o« Chip Area (L?)
|/0 Bandwidth o« Chip Perimeter (L)

I/0 to Compute Performance Gap
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Wafer scale integration — how to contribute
Hyperscaling connectivity

N oUW =

Seite 21

Think the entire system

Provide on-silicon inter-reticle connectivity on large areas
Provide solutions to integrate power delivery

Provide solutions to enable 3D co-packaged optics
Provide solutions to integrate cooling

Provide solutions to extend memory

Next technological hurdle ....

10.11.2025 © Fraunhofer IZM

- STCO: system technology co-optimization

- Advanced i-line lithography for 3D-packaging

- 3D power delivery (e.g. by TSVs, eDTC, elVR)

- explore 3 dimension with 3D silicon photonics
- explore 3 dimension for 3D cooling in the stack
- explore 3 dimension and stack memory wafers
- use advanced memory technologies

\
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Wafer scale integration — how to contribute
300mm wafer-level building blocks

- 3D wafer-level processing
= 3D quasi-monolithic integration — 3D-QMI

= Large area advanced-line lithography (sub pm scale) S @TTTT@
= Through silicon via integration (TSV mid, TSV last) @, PREV|| Al |[L
= Double sided process z APECS ST
= Deposition technologies CVD, PVD, ALD
- In-line metrology and test
- Advanced wafer thinning, pre-assembly and singulation = Defect inspection at CDs <1 pm
= <10 pym thin wafer and thin die processing = (D and OVL characterization at <1 pm
= BEOL layer transfer technology = Planarity, material properties
= Bonding / De-Bonding = Electrical characterization
= Stress free chiplet singulation
- 3D Wafer-Stacking
- Multi die assembly at state of the art pitches = Compute / Memory / Power delivery wafer stacks
= D2W hybrid bonding sub-um accuracy = Hybrid bonding W2W <200nm accuracy
= D2W re-configured wafer for 3D-QMI = Integrated cooling
= Damascene processing = QOptical /O communication

= Mix-pitch assembly with mix interconnect technologies

\

Co-funded h}l‘ * Bundesministerium STAATSMINISTERIUM
. 72 | fir Forschung, Technologie FUR WISSENSCHAFT
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Conclusion

Andrew Feldman, Founder and CEO - Cerebras Systems

“Progress doesn’t come from safety rails.

It comes from putting sharp tools in people’s hands
- and trusting them to use them.”

Fraunhofer IZM can help with using very sharp
tools for 3D over the entire system value chain

from 200/300mm wafer to advanced substrates
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Wafer Scale Integration for High'
Performance Computing |

Electronic Packaging Days 2025
Future Compute |
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