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/O Bandwidth & Speed Scaling Trends

10T - * !
Highly Parallel
g e Speeds
% T :}_‘; - Quad Speeds
- 400G s . O Y el Duo Speeds
Q 2
Q Vo ==& » =~ Senal Speeds
a 200G Chﬂh_ru_,———
£ 1006 +——O—@F—@O0—
=4 506G d) O
25G , ‘ O
106 +@ O
2000 2010 2020 2030

Standard Completed

O Ethernet Speed O Speed in Development '\-) Possible Future Speed

ethernet alliance

Reproduced with permission from Ethernet Alliance

Evolution of Byte/flop ratio for Deep Neural Networks
(higher-> increased BW pressure)

0.06 -
0.05 - /
0.04

2
S
[
& o.03
o
Sy
H)
< 0.02
o
0.01
4
0 1 1 T
2013 2014 2015 2016 2019+
(AlexNet, (Overfeat, VGG (DS2, GNMT - (GooglLeNet, (Large Sparse
OverFeat: 5x5, -3x3) Tall-skinny ResNet - 1x1, Embeddings)
7x7, 11x11) GEMMs) 1xK, Kx1)

2020 Al Compute~ 400 Tops
0.06 B/F> 25TB/s

Bandwidth TB/s

Bytes / Flop

35
Demand
30
25
20
15
10
5
0 ® — %
Vv % \e) © S Q A,
& & S & & & N
R ) Q> o S L N\
& éQ & ~8§ S Q
S & 1S
Performance
Goal for
packaging

~ |

2009 2012 2013 2018 2018 2022

*2022 represents trends and not actual data

T Growing BW Demand 1 Dense Interconnects



Interconnect Scaling to Enable Bandwidth Scaling

| ] ] I ]
Peripheral Interconnects for Solder Based 2D Architectures
Generations 1 2 3 4 5
Raw Bandwidth Density (GBps/mm) 125 250 500 1000 2000
Minimum Bump Pitch 55 50 40 35 30
Package (nm)
Technology |O/mm 500 667 1000 1500 2000
|O/mm? 331 400 625 816 1111
Signaling Speed Gbps 2 3 4 5.33 8
Generation Number — 1 2 3 4 5
Raw Linear Bandwidth Density (GBps/mm) 125 250 500 1000 2000
Minimum Bump
pitch (uum) 55 40 30 20 10
Linear Escape
Package Technology Density (10/mm) 500 667 1000 2000 4000
Areal Escape
Sy (19 331 625 1111 2500 10000
Signaling Speed (Gbps) 2 3 4 4 4

Source : Chapter 22 in IEEE Heterogeneous Integration Roadmap
(https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html)


https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html

Interconnect Scaling to Enable Bandwidth Scaling

Area Interconnects for 3D Architectures

Generations 1 2 3 4 5

Raw Bandwidth Density 195 250 500 1000 2000
(Gbps/mm?)
Minimum Bump
Technology
10O/mm? 625 1111 2500 4444 10000
Signaling
Speed Gbps 1.6 1.8 1.6 1.8 1.6

Source : Chapter 22 in IEEE Heterogeneous Integration Roadmap
(https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html



https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html

Key Metrics

Key Metrics and
Adoption Criteria

Key Performance Indicators

= Bandwidth density (linear & area)
= Data Rate & Bump Pitch
Energy Efficiency (pJ/b)

= Scalable energy consumption
= Low idle power (entry/exit time)

Latency (end-to-end: Tx+Rx)

Channel Reach

= Technology, frequency, & BER
Reliability & Availability

= Cost

= Standard vs advanced packaging

Ehucle

Universal Chiplet
Interconnect Express

UClIe - Architected and specified from the ground-up to

deliver the best KPIs while meeting wide adoption criteria

Factors Affecting Wide Adoption

= Interoperability

= Full-stack, plug-and-play with existing s/w is+

= Different usages/segments

= Technology
= Across process nodes & packaging options
= Power delivery & cooling
= Repair strategy (failure/yield improvement)
= Debug - controllability & observability

= Broad industry support / Open ecosystem
= Learnings from other standards efforts

Motivation

Custom: &
Customized Chiplets

Seavof Cores

% (heterogeneous,
'// / &

OPEN CHIPLET: PLATFORM ON A PACKAGE

High-Speed Standardized
Chip-to-Chip Interface (UCIe)

) Perfor

Memory

Advanced
2D/2.5D/3D
Packaging

UClIe 1.0 delivers the best KPIs while meeting the projected needs for the next 5-6 years.
Wide industry leader adoption spanning semiconductor, manufacturing, assembly, & cloud
segments.

Bucle

Universal Chiplet
Interconnect Express

UCIe 1.0: Characteristics and Key Metrics

CHARACTERISTICS STANDARD

PACKAGE

ADVANCED
PACKAGE

COMMENTS

Width (each cluster) 16 64 Width degradation in Standard, spare lanes in Advanced

Channel Reach (mm) <= 25 <=2

KPIs / TARGET FOR STANDARD ADVANCED COMMENTS

KEY METRICS PACKAGE PACKAGE

B/W Shoreline (GB/s/mm) 28 - 224 165 - 1317 Conservatively estimated: AP: 45u; Standard: 110u; Proportionate to
B/W Density (GB/s/mm?)  22-125 188-1350 datairate (465326)

Low-power entry/exit latency 0.5ns <=16G, 0.5-1ns >=24G Power savings estimated at >= 85%

Reliability (FIT) 0 < FIT (Failure In Time) << 1 FIT: #failures in a billion hours (expecting ~1E-10) w/ UCIe Flit Mode

Eucle

Universal Chiplet
Interconnect Express

Align Industry around an open
platform to enable chiplet based
solutions

= Enables construction of SoCs that exceed maximum reticle size
= Package becomes new System-on-a-Chip (SoC) with same
dies (Scale Up)

= Reduces time-to-solution (e.g., enables die reuse)

= Lowers portfolio cost (product & project)
= Enables optimal process technologies
= Smaller (better yield)
= Reduces IP porting costs
= Lowers product SKU cost
= Enables a customizable, standard-based product for specific use
cases (bespoke solutions)

= Scales innovation (manufacturing and process locked IPs)

Heterogeneous Integration Fueled by an Open Chiplet Ecosystem
(Mix-and-match chiplets from different process nodes / fabs / companies / assembly)

Acknowledgements: UCle Consortium. Copyright owned by the UCle consortium



Mainstreaming Optical Interconnects

Intel Demonstrates Industry-First Co-Packaged
Optics Ethernet Switch

Designed for
« Total BW 12.8 Thps

« 8 optical engines @ 1.6 Thps each
* 16 0.1Tbps channels for each engine

Demonstratedintegration
of 10I0tileviaEmIB/ AIB
on DARPACHIPS

1
Pv AyarlLabs

2 Tbps
Optical data rate

RE

On-trackto
demonstrate

PIPES program

multiple OlOtilesin

Copper (PCle 6) (o][0] Cuvs. OIO
Shoreline density 800 Gb/s/mm->1.6
(bi-directional) 380 Gbj/s/mm Tb/s/mm
Reach 12 >]100m >100x
e J0ns A0ns Similar for short
reach

Power efficiency Opportunity for 35% reduction
Per-wire pair/ per-

Co-Packaged optics
complements Cu signaling and
enables new topologies

cost, technology maturity and
high yield manufacturing are key
challenges

Ref: "Co-Packaged Photonics For High Performance Computing: Status, Challenges
And Opportunities," in Journal of Lightwave Technology, vol. 40, no. 2, 2022



Summary

« Scaling 2D and 3D Die-to-Die interconnects will ensure
continued bandwidth scaling

« “Plug and Play” through D2D link standardization will
ensure systematic growth

« Co-Packaging Optics is a key element of future off-package
bandwidth scaling



Disclaimer

Intel is a key contributor in the development and delivery of this course at
ASU. As such, many of the charts used in our presentations are provided by

Intel and are approved for use in training and educational purposes only.

The electronic industry is extremely fast-paced. We will endeavor to call out
any outdated information that may be present in the presentations or texts.

Regardless, the key points/learning are still valid.
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