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Al Scaling
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Scale-Out

<
Up to =10 km

Scale-Up: Multi-rack
= Longer reaches
= Includes optics

Scale-Out:
Between datacenters
= New application for

coherent optics
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Connectivity Demands for Al
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Integration of Optical Engines """"

Leverage:

 Chiplet
architectures

- Heterogeneous
Integration

» Optical SerDes
technology

* Photonics

Photonic Engine

Compute I

Advanced Package Substrate

Photonic Engine
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3D Chiplet Architectures

Compute

Photonic Engine
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Co-Packaged Optics (CPO) Chiplet Architectures

Direct-Drive CPO Digital-Drive CPO
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Chiplet Implementation of High-Speed I/0 Circuits
==

* Pervasive use of inductors

* Need for accurate electromagnetic simulation of all

interconnect parasitics, including packaging
* Dense layout difficult due to potential for inductive coupling

__ﬂ

on-die or on-package
» Dedicated higher supply voltages desirable for additional
SNR, lower jitter

 Heterogeneous integration opens the door to use of (N-1)
CMQOS, SiGe or SiPho technologies

»Preference for SerDes pre-validated in a particular process / /)
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Chiplet Architectures for
Optical Transcelvers
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Traditional Optical Module Anatomy
Host Interface

« DSP = Digital Signal Processing

for both line and host interfaces
» TIAs and Drivers are linear amplifiers with a broad bandwidth

‘\\.

» Detectors and Lasers in llI-V or similar technologies Line |nterface
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. . . « DSP = Digital Signal ProcDSP with integrated drivers
Optlcal Engme in a Module reduces the component count

—

« Silicon photonics allows for integration of several
optoelectronic components into a single silicon die

D
== » Laser count may be reduced
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= Chiplet devices integrated into an
optical engine




Retimed Optics

ASIC SerDes

Optical Engine
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CPO Chiplets

Bandwidth (“Beachfront”)
Density 20 Tbps/mm

» Mix-and-match with
electrical I/O chiplets for

different applications

* Optical I/0O density can be «—=
Increased with new —
solutions: =
* Dense fiber arrays —>o

* Multiple wavelengths —
* Higher optical signaling rates ——=
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Complete Optical Receiver Co-Design

* Dozens of design @

paramete rS ALl FT—cDiI __-*__ =10 idi
* Co-optimization ¢ o CESESRomexomeme —L
to minimize “‘—hwwm Vor B W0 Vo
output noise 3 E
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[Radi, Li, Patel, Chan Carusone, "Optimizing the Photodetector/AnaBg
Front-End Interface in Optical Communication Receivers," IEEE Trans. ™
Signal and Power Integrity, 2023]
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T-Coil Optimization Flow Chart

Initial
T — coil geometric parameters T — coil
7< Layout layout sy S parameters | Equivalent circuit
S—— ‘ >
generation P extraction
New
Circuit T — coil designs T — coil lumped element model
specifications Circuit simulation results ESD ckt testbench

Meet target specs? GA

simulations

6 dB

ol (dB)

Final T — coil layout
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Z. Li, A. Chan Carusone, “Design and Optimization of T-Coil-Enhanced ESD
Circuits with Upsampling Convolutional Neural Network,” IMS, June 2022. :
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Optimization Flow

[B. Radi, Z. Li, D. Patel and A. Chan Carusone, "Optimizing the
Photodetector/Analog Front-End Interface in Optical Communication
Receivers," in IEEE Transactions on Signal and Power Integrity, Aug.
2023]

* Different optima depending on the DSP

* No DSP requires impedance-matched trace
15

No reflections due to
impedance matching
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Initial generation:
randomly generated design values
sets of
(TW, W ,L, Ny Nout, @ and Rg)

Calculate hyy e and o, 5, for each design set

&
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Calculate tap weights (® and B) using MMSE

]

Equalize hpytse using ® and B

|

Calculate 05y, O n outpus: AN Gjjgper

1

Calculate FoM for each design set

GA: 100
generations
with no
improvement
in Fom?

C

reate a new generation
through selection,

crossover, and mutation of

current generation

Select design set with best FoM as
optimal




Initial generation:
randomly generated design values
sets of
(TW, W ,L, Ny Nout, @ and Rg)

Optimization Flow

[B. Radi, Z. Li, D. Patel and A. Chan Carusone, "Optimizing the Calculate Rpulse and 0y na for each "‘“‘5"“‘\
Photodetector/Analog Front-End Interface in Optical Communication 3
Receivers," in IEEE Transactions on Signal and Power Integrity, Aug. 2023] Calculate tap weights (® and B) using MMSE

- Different optima depending on the DSP *

Equalize hpytse using ® and B

* With DSP equalization, better to leave some — | —
reflections: e i

Calculate FoM for each design set
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Opportunities and Challenges for CPO

Pros
« May eliminate retimers

» Lower system power
» Lower latency
» Potential to lower cost

« Potential to improve aggregate |/O
bandwidth

* Alleviates faceplate density issues

Cons

Concentrates power/heat within the ASIC
package

Switch assembly more complex

Field service more difficult

Reduced ecosystem for innovation




Summary

« Megatrends driving connectivity:

* Massive scale-out of compute for Al
* Al workloads demanding low latency, low
power, high throughput
* Disaggregated storage is another driver
 Proliferation of new connectivity
technologies

* Electrical links can work with 45dB loss

* Optical connectivity needed for shorter
reaches as rates climb

* Highly-integrated optical engines

e Direct-drive for lowest power & latency

Devices

Collab.

Compute
and
Network

Arch.
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Nothing in these materials is an offer to sell any of the components or devices referenced herein.
© Qualcomm Technologies, Inc. and/or its affiliated companies. All Rights Reserved.

Qualcomm and Qualcomm Dragonfly are trademarks or registered trademarks of Qualcomm
Incorporated. Other products and brand names may be trademarks or registered trademarks of their
respective owners.

References in this presentation to “Qualcomm” may mean Qualcomm Incorporated, Qualcomm
Technologies, Inc., and/or other subsidiaries or business units within the Qualcomm corporate structure,
as applicable. Qualcomm Incorporated includes our licensing business, QTL, and the vast majority of our
patent portfolio. Qualcomm Technologies, Inc., a subsidiary of Qualcomm Incorporated, operates, along
with its subsidiaries, substantially all of our engineering, research and development functions, and
substantially all of our products and services businesses, including our QCT semiconductor business.

Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.
Qualcomm patented technologies are licensed by Qualcomm Incorporated.

Follow us on: in X o0
For more information, visit us at qualcomm.com & qualcomm.com/blog
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